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COMMUNICATION SYSTEM Such a common terrestrial HDTV system offers an HDTV 

service on conventional 16 or 32 QAM signals without any 
This application is a continuation of application Ser. No. modification. In any analogue TV broadcast service, there 
08/217,895 filed Mat 25, 1994 now abandoned, which in are developed a lot of signal attenuating or shadow regions 
turn is a Continuation-in-part of application Ser. No. 08/126, 3 within its service area due to structural obstacles, geographi- 
589, filed Sep. 27, 1993, which in turns is a Continuation- cal inconveniences, or signal interference from a neighbor 
in-Part of application Ser. No, 08/037,108, filed Mat 25, station. When the TV signal is an analogue form, it can be 
1993 - intercepted more or less at such signal attenuating regions 
BACKGROUND OF THE INVENTION altrKWgh Its reproduce is low in quality. IfTV signal 
i xx-iA w ^ " io is a digital form, it can rarely be reproduced at an acceptable 
1. Held of the Invention level within the regions. This disadvantage is critically 
The present invention relates to a communication system hostile to the development of any digital TV system, 
for transmission/reception of a digital signal through modu- 
lation of its carrier wave and demodulation of the modulated SUMMARY OF THE INVENTION 

Si ^^^. Aw4 15 H is an object of the present invention, for solving the 

2L Description of the Prior Art foregoing disadvantages, to provide a corniimnication sys- 

Digital signal c ommunicat i o n systems have been used in tern arranged for comratible rise for bom the existing NTSC 

various fields. Particularly, digital video signal transmission and introducing HDTV broadcast services, particularly via 

techniques have been improved remarkably. satellite and also, for minimizing signal attenuating or 

Among them is a digital TV signal transmission method. 20 shadow regions of its service area on the grounds. 

Sofar, such digital TV signal transmission system are in The present invention provides a communication system 

partictuar use for e.g transmission between TV stations. comprising: input means for inmitting an image signal; 

They wffl soon be utilized for terrestrial and/or satellite image compression means for a^^ngs^tw^^- 

broadcast service in every country of the world. nal to generate a digital image cwimression error 
The TV broadcast systems including HDTV, PCM music, 25 correction encoding means for adding an error correction 

FAX, and other information service are now demanded to code to said digital image c<mmression signal to generate an 

increase desired data in quantity and quality for satisfying error correction coding signal ; modulating means for modu - 

mflHons of sophisticated viewers. In particular, the data has lating said error correction coding signal into an n- value 

to be increased in a given bandwidth of frequency allocated VSB modulation signal; transmitting means for transmission 
for TV broadcast service. The data to be transmitted is 30 said n-value VSB modulation signal; receiving means for 

always abundant and provided as much as handled with receiving a trarismissian signal traiismitted from said trans- 

up-to-date techniques of the tin^ li is ideal to modify or mitting means: dem w ailatin g mean* for Asm^^ng said 

change the existing signal transmission system correspond- transmission signal into a receiving digital signal; error 

ing to an increase in the data amount with time. correction means for error correcting said receiving digital 

However, (he TV broadcast service is a public business signal to generate an error-corrected digital signal; image 

and cannot go further without considering the interests and expansion means for expanding said error-corrected digital 

benefits of viewers. It is essential to have any new service signal to generate an image output signal; and output means 

appreciable with existing TV receivers and displays. More for outrwttjng said image output signal. 

ETff^ It is preferable that the n-value of the VSB modulation 

for providuig both old and new services sirnultaneously or signal is 8. I^crmore, a Trellis decoder will be used for 

one new service which can be intercepted by either of me the error correction means. 

dieting and advanced receivers. Moreover, the receiving digital signal is divided into a 

t^jS??^ ^^^JVbroadcast system nigh priority signal and Uow^ca^Ul, andAeW 

c*££rea^^ « correc^mel^ 

^ ^^^^^^ < ^* W a riigh code gain and a second error ccrre^ 

S^S!^1!S^^ to allow the existing a low code gSn, so that the h^ 

receivers to receive transmissions. by the first error correcti<>n means. 

n^J^^w 1 ^ ^ c^p^^oannncc of Tnehigh priority signal contains address information of 

prior art digital TV system will be explained. ^ cata. And teTriwTdzZdn wfll ww^Jm^m^^ 

A dgrai satellited ^^£ 0 T^t^ ^ 
signals ccamxesscd to an about 6 Mbps are multiplexed by 

time division modulation of 4 PSK and transmitted on 4 to BRIEF DESCRIPTION OF THE DRAWINGS 

20 channels while HDTV signals are carried on a single ™ - . . ^ . ^ 

channel Another digital HDTV system is provided in which 55 ^'l** • «* ^ a ™^ cmcnt <* * 

HDTV video data^onmreased to as small as 15 Wu^are ^ ta ^ dssi ^ ***** * embedment of 

transmitted on a 16 or 32 QAM signal tfarough^ound mc J^*™"*>* 

stations. FIG- 2 is a block diagram of a transmitter of the first 

Such a known satellite system permits HDTV signals to embodiment; 

be carried on one channel by a conventional manner, thus 60 FIG- 3 is a vector diagram showing a transmission signal 

occupying a band of frequencies e<ruivalent to same chan- of the first embodiment; 

nets of NTSC signals. This causes the corresponding NTSC F*G. 4 is a vector diagram showing a transmission signal 

channels to be unavailable during transmission of the HEXTV of the first embodiment; 

signal. Also, the compatibility between NTSC and HDTV FIG. 5 is a view showing an assignment of binary codes 

receivers or displays is hardly concerned and data expansion 65 to signal points according to the finer embodiment; 

carMbOity needed for matching a future advanced mode is FIG. 6 is a view showing an assignment of binary codes 

utterly disregarded to signal point groups according to the first embodiment; 
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FIG. 7 is a view showing an assignment of binary codes FIG. 34 is an explanatory view showing a time multi- 

to signal points in each signal point group according to the plexing of D v D 2 , and D 3 signals according to the third 

first embodiment; embodiment; 

FIG. 8 is a view showing another assignment of binary FIG. 35 is an explanatory view showing another time 

codes to signal point groups and their signal points accord- 3 multiplexing of the D JT D 2 , and D 3 signals according to the 

ing to the first embodiment; third embodiment; 

FIG. 9 is a view showing threshold values of the signal FIG. 36 is an explanatory view showing a further time 

point groups according to the first embodiment; multiplexing of the D„ D 2 , and D 3 signals according to me 

FIG. 10 is a vector diagram of a modified 16 QAM signal ****** embodiment; 

of the first embodiment; FIG. 37 is a schematic view of the entire arrangement of 

FIG. U is a graphic diagram showing the relation between * si « nal transmission system showing a fourth embodiment 

antenna radius r 2 and transmission energy ratio n according °^ tnc ptcsent invention; 

to the first embodiment; FIG. 38 is a vector diagram of a modified 16 QAM signal 

FKX12 is a view showing the signal points of a ioodified 15 of me third embodiment; 

64 QAM signal of the first embodiment; FH3. 39 is a vector diagram of the modified 16 QAM 

FIG. 13 is a graphic diagram showing the relation si 8 nal °* Ac H*** 4 embodiment; 

between antenna radius r 3 and transmission energy ratio n FIG. 40 is a vector diagram of a modified 64 QAM signal 

according to the first embodiment; of the third embodiment; 

FIG. 14 is a vector diagram showing signal point groups 20 FK}. 411s a diagram of assignment of data components on 

and their signal points of the modified 64 QAM signal of the a according to me third embodiment; 

first embodiment; FIG. 42 is a diagram of assignment of data components on 

FIG. 15 is an explanatory view showing the relation a time base in TDMA action according to the third embodi- 

between A x and A 2 of the modified 64 QAM signal of the „ mcnt; 

first embodiment; FIG. 43 is a block diagram of a carrier reproducing circuit 

FIG. 16 is a graph diagram showing the relation between of me third embodiment; 

antenna radios r 2t r 3 and transmission energy ratio n 16t n^ FIG. 44 is a dia g r a m showing fee principle of canier wave 

respectively according to the first embodiment; reproduction according to (he third embodiment; 

FIG. 17 is a block diagram of a digital transmitter of the 30 WG.4S is a block diagram of a carrier rerxoducing circuit 

first embodiment; for reverse roodulaiion of the third embodiment; 

FIG. 18 is a signal space diagram of a 4 PSK modulated na 46 * a o^agram showing an assignment of signal 

signal of the first embodiment; points of the 16 QAM signal of the third embodiment; 

aMKXttmc,It# 40 according to the third embodiment; 

^^^*Z!^ dia ^^ ai ^ M16Q ^^ FK1 50 is an explanatory view showing a TDMA time 

of the first embodiment; multiplexing of D w , D m , D^, D„, D W) and D m signals 

FIG. 23 is a vector diagram of a modified 64 QAM signal according to the third embodiment; 

of the first embodiment; FIG. 51 is an explanatory view showing another TDMA 

FK3. 24 is a flow chart showing an action of the first 45 time multiplexing of the D Wt D m> Dy* D m , Dy* and D m 

embodiment; signals according to the third embodiment; 

FIGS. 25(a) and 25(b) are vector diagrams showing an 8 FK}. 52 is a diagram showing a signal interference region 

and a 16 QAM signal of the first embodiment respectively; "> » known transmission method according to the fourth 

FIG. 26 is a block diagram of a third receiver of the first x embodiment; 

embodiment; FIG. 53 is a diagram showing signal interference regions 

FIG. 27 is a view showing signal points of the modified ^ a muM4evel signal transr^ 

64 QAM signal of the first embodiment; fo^cnbo&ment; 

* 3m ** asacai * embodiinent; 

FIG. 29 is a schematic view of the entire arririgemeat of « ^ a jhowfa ^ dan* Mttnmtogtcgiais 

aslgnaltransrmssionsystemd ^ ^ nO^TdgD^ tiAx^^nt^hod^^ io 

me present invention; me fourm embodiment; 

FKJJjOJs^^ ^ no. 56 isadiagrammowiiig. signaling 

third embodiment; between two digital TV stations according to the fourm 

FIG. 31 is a block diagram of a first video decoder of the embodiment; 

third embodiment; FIG. 57 is a diagram showing an assignment of signal 

FIG. 32 is a block diagram of a second video decoder of points of amodffled4 ASK^ 

the third embodiment; 65 FIG. 58 Is a diagram showing another assignment of 

FK3. 33 is a block diagram of a third video decoder of the signal points of the modified 4 ASK signal of the firm 

third embodiment; embodiment; 
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FIGS. 59(a) to 59(d) ate diagrams showing assignment of FIG. 82 is « block diagram of a video decoder for D, 

signal points of the modified 4 ASK signal of me fifth signal of me fifth embodiment; 

Cn ^f m ^. nt . ; , . HO. 83 is a graphic diagram showing the relation 

J-.?' J? *,^ a * ram J «°] W f KfS*? a f $l « n,nen i frequency and time of a frequency modulated 

signal points of the modified 4 ASK signal of the fifth 5 signal according to me fifth embodiment* 

embod^m when the ON rate is low; FIG. 84 is a blockdiagramof a magnetic recced/playback 

FIG. 61 is a Mock diagram of a 4 VSB cr 8 VSB apparatus of the f^T5xxiiment 

transmitter of the fifth embodiment; crr< « • .. . . 

cm *u \u m . . ' r FIG. 85 is a graphic diagram showing the relation 

FIG. 62(a) is ad-agram showing the spectnim of an ASK between ONand level according to the second emb^liment; 

sga^^-level VSB signal before filling, of me nG. 86 is a graphic diagram snowing the reUtion 

ran - * . _. , L , „ ,. between ON and transmission distance according to the 

FHX 62(6) is a diagram showing the frequency distribu- second embodiment; 

flonproffle of a VSB signal of the fifth embodiment; FKj. 87 is a block diagram of a transmission of the second 

ITO.eisablockdiagramofaiecdv«f«4VSB,8VSB l3 embodiment; 

"JrJf ""^T" ° nb ° dimC,,t; FIG. 88 is i Uodc diagram of a receive- of the second 

FIG. 64 is a block diagram of a video signal transmitter embodiment; 

^ ^ ^ cml ^ di " laiti HO. 89 is a graphic diagram showing the relation 

Ra« Ua Hock diagram of aTVi^ between ON and error rate according to the second einbodi- 

embodiment; 20 



FIG. Wis a block diagram of another TV receiver of the FIG. 90 is a diagram showing signal attenuating regions 

Mm embodiment; in the three-level transmission of the fifth embodiment; 

™'Jl V^fL^T ? * SatdUt ^ grOUIul ^ HO. 91 is a diagram showing signal attenuating regions 

J?, , cmbodanent; in the four-level transmission of a sixth embodiment 

V^1Efi£ l^T^^C^ constellation of 8 * FKJ. 92 is a diagram showing the four-level transmission 

VSB of the fifth and sixth embodiments; of the sixm embodiment; 

^ofT^^^Z^r^ 01 8 J^ t -"oc,d^ of a divider of me sixth 

Z™^f^^£^£ aC ™ Cl ° an « * FE3. 94 is a block diagram of a mixer of the sixth 



J^.btodcdragramof avideoencoderof mefifth m^,^ ^ focr-level trans- 

FIG. 7t is a block diagram of a video encoder of the fifth III J?, " ' " ' 

cmbo<hWc<>nta{n^ M ^ * ^P^*™ *»°wn digital 

FIG. 71 is a block diagram of a video decoder of the fifth broadcast system; 

einbodiment; FIG. 97 is a view of signal propagation of a digital TV 

Fia 72 isablock diagram ofavid^ hroao^system 

embodiment containing one mixer circuit; FIG * 98 is a diagram showing a four-level transmission of 

FIG.73isaaiagramshowmgatimea 40 mc ^ cmbo<fimc ^ 

components of a transmission signal according to the fifth FIG. 99 is a vector diagram of a 16 SRQ AM signal of the 

etribod uncn t; thiid embodiment; 

FIG. 74(a) is a block diagram of a video decoder of the na vector diagram of a32SRQAM signal of the 

fifth embodiment; embodiment; 

FIG. 74(b) is a diagram showing another time assignment 45 FSQ * 1#1 ** * Septic diagram mowing the relation 

of data components of the transmission signal according to between ON and error rate according to the third embodi- 

thc fifth embodiment; m * 3St > 

FIG. 75 is a diagram showing a time assignment of data FIG. 1*2 is a graphic diagram showing the relation 

components of a transmission signal according to the fifth between ON and error rate according to the third embodi- 

embodimcnt; 50 ment; 

FIG. 76 is a diagram showing a time assignment of data PH5. It3 is a graphic diagram showing the relation 

components of a transmission signal according to the fifth between shift distance n and ON needed for transmission 

embodiment; " according to the third embodiment; 

FIG. 77 is a diagram showing a time assignment of data FIG. 1*4 is a graphic diagram showing the relation 

components of a transmission signal according to the fifth between shift distance n and ON needed for transmission 

embodiment; according to the third embodiment; 

FIG. 78 is a block diagr am of a video decoder of the fifth FKJ. 105 is a graphic diagram showing the relation 

embodiment; between signal level and distance from * transmitter antenna 

FIG. 79 Is a diagram showing a time assignment of data & in terrestrial broadcast service according to the third 

components of a three-level transmission signal according to embodiment; 

me fifth embodiment; " FIG. 1*6 is a diagram showing a service area of the 32 

FIG. Wis ablock diagram of another video deccoVi of the SRQ AM signal of the third embodiment; 

firm embodiment; FIG. 1#7 is a diagram showing a service area of the 32 

FIG. 81 is a diagram showing a time assignment of data 65 SRQAM signal of the third embodiment; 

components of a transmission signal according to the fifth FKj. 108(a) is a diagram showing a frequency distribution 

cmbodimcat . profile of a conventional TV signal, FIG. 1*8(1?) is a diagram 
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showing a frequency distribution profile of a conventional FIG. 126(a) is a block diagram showing a Trellis encoder 

two-layer TV signal, FIG. 108(c) is a diagram showing (ratio 1/2) according to me second, fourth and fifth embodi- 

threshold values of the third embodiment, FIG. 108(d) is a ments; 

diagram showing a frequency distribution profile of two- FIG. 128(b) is a block diagram showing a Trellis encoder 

layer OFDM carriers of Che ninth embodiment, and FIG. 5 (ratio 2/3) according to the second, fourth and fifth embodi- 

108(e) is a diagram showing threshold values for three-layer ments; 

OFDM of the ninth embodiment; FIG. 128(c) is a block diagram showing a Trellis encoder 

FIG. 109 is a diagram showing a time assignment of the (ratio 3/4) according to the second, fourth and fifth embodi- 

TV signal of the mird embodiment; ments; 

J£d U em^ 10 

J^^L'^JZ^? ******* * ^ 1»M * a block diagram showing a Trellis decoder 

according to the third embodiment, (ratio 273 ) according to the second, fourth and firm embodi- 

FIG. 112 is a view showing an assignment of an extended 13 ments; 

36 QAM according to the third embodiment; FIG. 128(/) is a block diagram showing a Trellis decoder 

FIG. 113 is a view showing a frequency assignment of a (ratio 3/4) according to the second, fourth and firm embodi- 

modulation signal according to the fifth embodiment; ments; 

FIG. 114 is a block diagram showing a magnetic FIG. 129 is a view showing a time assignment of effective 

recording/playback apparatus according to the fifth embodi- 20 symbol periods and guard intervals according to me ninth 

meat; embodiment; 

FIG. 115 is a block diagram showing a transmitter/ ™; ^ * gn **? C * ^J^"* 

receiver of a portable tdqfcone accordng to the eighth m "* m *** "x*** 1 ** to the imim embaliment; 

rrow^OT^a porwoic laepnonc acooramg to me agnm mQ 131 is a block diagram showing a magnetic 

FIG.116isablockd^ * ^or^lay^ 

log to the eighth embodiment; mmisaviewshowiiigareccrdii^ 

FIG. 117 is a view illustrating c ommunicatio n capacities me magnetic tape and a travelling of a head; 

and traffic distribution of a conventional system; FIG. 133 is a block diagram showing a transmitter/ 

FIG. 118 is a view fflnstrating commnnfe at ion capacities ^ receiver according to the third embodiment; 

and traffic distribution according to 0^ FIG. 134 is a diagram showing a frequency assignment of 

FIG. 119(a) is a diagram showing a time slot assignment a conventional broadcasting; 

of a conventional system; pjQ 135 is a diagram showing a relation between service 

FIG. 119(6) is 1 diagram showing a time slot assignment ^ ^ qualily ^ 4 tm^levd sig^ transnu^ision 

according to the eighth embodiment; 35 system according to the third embodiment; 

FIG. 129(a) is a diagram showing a time slot assignment wn 136 is a diagram showing a frequency assignment in 

of a conventional TDMA system; case the multi -level signal transmission system according to 

FIG. 121(6) is a diagram showing a time slot assignment the third embodiment Is combined with FDM ; 

according to a TDMA system of the eighth embodiment; FIG. 137 is a block diagram showing a transmitter/ 

FIG. 121 is a block diagram showing a one-level 40 receiver according to the third emboduacnt, in which Trellis 

transmitter/receiver according to the eighth embodiment; encoding is adopted; 

FIG. 122 is a block diagram showing a two-level FIG. 138 is a block diagram showing a transmitter/ 

tran smi ttcrfrcceiver according to the eighth embodiment; receiver according to the mum embodiment, in which a part 

FIG. 123 is a block diagram showing an OFDM type of low frequency band signal is transmitted by OFDM; 

transmitterAecefver according to me ninth embodiment; 45 FIG, 139 is a diagram showing an assignment of signal 

FIG. 124 is a view illustrating a principle of the OFDM points of the 8-PS-APSK signal of me first embodiment; 

system according to the ninth embodiment; FIG. 140 is a diagram showing an assignment of signal 

FIG. 125(a) is a view showing a frequency assignment of points of the 16-PS-APSK signal of die first embodiment; 

a modulation signal of a conventional system; FIG. 141 is a diagram showing an »«i gniw«t of signal 

FKx. 125(6) is a view showing a frequency assignment of 30 points of the 8-PS-PSK signal of the first embodiment; 

a modulating signal according to the ninth embodiment; FIG. 142 is a diagram showing an uMagnm^jit of signal 

FIG. 126(a) is a view showing a frequency assignment of points of the 16-PS-PSK(PS type) signal of the first embodi* 

an OFDM signal of the ninth embodiment, wherein no meat; 

weighting is applied; s5 FIG. 143 is a graphic diagram mowing the relation 

FIG. 126(6) is a view showing a frequency assignment of between antenna radius of satellite and transmission capac- 

an OFDM signal of the ninth embodiment, wherein two ity according to the first embodiment; 

channels of two-layer OFDM are weighted by transmission FIG. 144 is a block diagram showing a weighted OFDM 

electric power; transmrtterAeceiver according to the ninth embodiment; 

FIG. 126(c) is a view showing a frequency assignment of ^ FIG. 145(c) is a diagram showing the waveform of the 

an OFDM signal of the ninth embodiment, wherein carrier guard time and the symbol time in the multilevel OFDM 

intervals are doubled by weighting; according to the ninth embodiment, wherein mnmpath is 

FIG. 126(d) is a view showing a frequency assignment of short; 

an OFDM signal of the ninth embodiment, wherein carrier FK3. 145(6) is a diagram showing the waveform of the 

intervals are not weighted; 63 guard time and the symbol time in the multi4cvel OFDM 

FIG. 127 is a block diagram showing a transmitter/ according to the ninth embodiment, wherein mumpath is 

receiver according to the ninth embodiment; long; 
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FIG. 146 is a diagram showing a principle of tfae miiiti- FIG. 161 is a diagram showing an overall construction of 

level OFDM according to the ninth embodiment; a VSB receiver according to the fifth einbodiment; 

FIG. 147 is a diagram showing subchannel assignment of FIG. 162 is a transmitter according to the fifth embodi- 

a two-layer signal transmission system, weighted by electric ment; 

power --rding to the ninth embedment; 5 Ka ^ U a ^ ^ g mc ^ 

FIG. 148 is a diagram showing relation among the D/V error rate and the ON rate with respect to the 4 VSB and the 

ratio, the multipath delay time, and the guard time according TC-8VSB; 

to^nmttembodhnent; FIG. 164 is a graph showing the relationship between the 

FIG- 149(a) is a diagram showing time slots of respective lQ circcrateandtheCyNiatewimiesr^tothe4 VSBandme 

layers according to the ninth embodiment; subchannels 1 and 2 of the TC-8 VSB; 

FIG. 149(b) is a diagram showing time distribution of FIG. 165(a) is a block diagram showing a Reed-Solomon 

guard times of respective layers according to the ninth encoder according to the second, fourth and fifth embodi- 

enibodirnent; ments; 

FIG. 149(c) is a diagram showing time distribution of 15 FIG. 165(6) is a block diagram showing a Reed-Solomon 

guard times of respective layers according to the ninth decoder according to the second, fifth and sixth embodi- 



FIG. 15« is a diagram showing relation between nadUpath FIG. 166 is a flowchart showing the Reed-Solomon error 

delay time and transfer rate according to the ninth correction according to tte f ourm and fuU embodi- 
cmbodimrnt, wherein three-layer signal transmission effec- 20 meat; 

trve to muMpam is realized; FIG. 167 is a block diagram showing a de intedeaver 

FIG. 151 is a diagram showing relation between multipath according to the second, third, f«irth,filmaiidsixmembodi. 

delaytime and ON ratio accordmg to the dnm embodiment, ments; 

wherein twc^liir^c^mato type, mmti-Uyer broad- piG. 168(a) is a diagram showing an interleave/ 

f 2 * * dia f? m "i 0 ^ » *f ^mnent of a no. 168(b) is a diagram showing an intcdeave distance 
according to the ninth embodiment- ' 30 1«> is a dugram showing the comparison of 4-VSB, 

cast system having a threendmiensiooal matrix structure in , TT V V, 

therdatioiisb^ainc^ ™* * * **** showmg a TV receiver 

the OS^Z^^ ra^inthe oSXc M ^^^^TJ^^^ * *" 
GIW-CFDM andthe C-0)M (or CSW-OFDM) according "** foo|fll " «*°* BM "*S 
to the ninth embodiment; FK3. 171 is a block diagram showing a transmitter and a 

FIG. 154 is a diagram sh<xwing the f^ * ccocdin « to foarta «** fifth 

of the power-weighted-OFDM according to the ninth a™*™™*? 

embodiment; 40 FKI 172 is a block diagram showing a transmitter and a 

1%. 155 is a diagram showing a ti rcc *!? acccatfng to the second, third, fourth and fifth 

three-level TV signal In each time slot, in the combination '"ZZ^T, 

of the guard-time-OFDM and the C-CDM according to the nG - -TO is a block diagram showing a magnetic 

ninth embodiment; recording^eraudncing apparatus in accordance with the 

FK>. 156 is a block diagram showing a traiismitter and a 45 c€ me sixm emboliment. 

receiver according to the fourth and fifth embodiments; DETAILED DESCRIPTION OF THE 

FIG. 157 is a block diagram showing a transmitter and a PREFERRED EMBODIMENTS 

^"Z^IV^^T t"* 30 *"™' Referred enux>di^ 

reSer^^ 30 <^^ncreinato 

^5 ^ET?* in^TT>er*Tseut invention c^ 

FIG. 159(a) is a diagram showing an assignment of signal ideation system, combining a transmitter and a receiver, for 

points of the 16 VSB signal of the fifth embodiment; transmisston/reception of a digital signal, such as a digital 

FIG. 159(d) is a diagram showing an assignment of signal HDTV signal, and In a recordingAreproducing apparatus for 

points of the 16 VSB (8 VSB) signal of the fifth embodi- 55 recording or reproducing a digital signal, such as HDTV 

ment; signal, onto or from i recording medium, such as a magnetic 

FIG. 159(c) is a diagram showing an assignment of signal tape. However, ccHUtfiuction and operating principle of the 

points of me 16 VSB (4 VSB) signal of the fifth embodi- digital modnhtor/di-anodiilator, the error-correcting encoder/ 

ment; decoder, and the image (HDTV signal etc.) coding encoder/ 

Fiai59(<0isadiagramshowin^^ 60 ? ^j^J*^™ « coimnonry or equaUy 

points of the 16 VSB(16 VSB) signal of toS embod- * ° ? mc °oammnk*io* system and the 

ment; .uwuuwu recorcUng/reprodudng apparatus. Accordingly, to describe 

wi- i^a/ m . . . , - , _ each embodiment efficiently, the present invention will be 

J^^^^^T^^ *? eDOOda CX ** d * cd with reference to citr^oTL comnmnicatJon 

****** to the fifth and six* embodiments; w system and the recording/reproducing apparatus. 

FIG. 160(*) is a block circuit showing an ECC decoder Furmermore, the present invention wfll be applied to any 

according to the fifth and sixth embodiments; multi-value digital modulation system which allocates sig- 
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nal points on the constellation, such as QAM, ASK and PSK, 
although each embodiment may be explained based on only 
one modulation method. 
.Embodiment 1 

FIG. 1 shows the entire arrangement of a signal trans- 
mission system according to the first embodiment of the 
present invention. A transmitter 1 comprises an input unit 2, 
a divider circuit 3, a modulator 4, and a transmitter unit 5. 
In action, each input multiplex signal is divided by the 
divider circuit 3 into three groups, a first data stream Dl, a 
second data stream D2, a third data stream D3, which are 
men mo dulated by the modnliifnr A before h«"g transmits 
from me transmitter unit 5. The modulated signal is sent up 
from an antenna 6 through an uplink 7 to a satellite 10 where 
it is intercepted by an uplink antenna U and amplified by a 
transponder 12 before being transmitted from a downlink 
antenna 13 towards the ground. 

The transmission signal is men sent down through three 
downlinks 21, 32, and 41 to a first 23, a second 33, and a 
third receiver 43 respectively. In the first receiver 23, the 
signal intercepted by an antenna 22 is fed through an input 
unit 24 to a demodulator 25 where its first data stream only 
is demodulated, while the second and third data streams are 
not recovered, before being transmitted further from an 
output unit 26. 

Similarly, the second receiver 33 allows the first and 
second data streams of the signal intercepted by an antenna 
32 and fed from an input unit 34 to be demodulated by a 
demodulator 35 and then, summed by a summer 37 to a 
single data stream which is then transmitted further from an 
output unit 36. 

The third receiver 43 allows all the first, second, and third 
data streams of the signal intercepted by an antenna 42 and 
fed from an input unit 44 to be demodulated by a demodu- 
lator 45 and then, summed by a summer 47 to a single data 
stream which is then transmitted further from an output unit 
46. 

As understood, the mree discrete receivers 23, 33, and 43 
have their respective demodulators of different characteris- 
tics such mat their outputs demodulated from the same 
frequency band signal of the transmitter 1 contain data of 
different sizes. More particularly, three different but com- 
patible data can simultaneously be carried on a given 
frequency band signal to their respective receivers. For 
example, each of three, existing NTSC, HDTV, and super 
HDTV, digital signals is divided into alow, a high, and a 
super high frequency band components which represent me 
first, the second, and the third data stream respectively. 
Accordingly, the three different TV signals can be transmit- 
ted on a one-channel frequency band carrier for simulta- 
neous reproduction of a mMfcm^ a high, and a super high 
resolution TV image respectively. 

In service, the NTSC TV signal is intercepted by a 
receiver accompanied with a small antenna for demodula- 
tion of a small-sized data, the HETV signal is intercepted by 
a receiver amomrwnied with a medium antenna for demodu- 
lation of medium-sized data, and the super HDTV signal is 
intercepted by a receiver accompanied with a large antenna 
for demodulation of largCMsizcd data. Also, as illustrated in 
HQ. 1, a digital NTSC TV signal containing only the first 
data stream for digital NTSC TV broadcasting service is fed 
to a digital transmitter 51 where it is received by an input 
unit 52 and modulated by a modulator 54 before being 
transmitted further from a transmitter unit 55. The demodu- 
lated signal is then sent up from an antenna 56 through an 
uplink 57 to the satellite It which in turn transmits the same 
mrough a downlink 58 to me first receiver 23 on the ground. 



12 

The first receiver 23 demodulates with its demodulator 25 
the modulated digital signal supplied from the digital trans- 
mitter 51 to the original first data stream signal. Similarly, 
the same modulated digital signal can be intercepted and 

s demodulated by the second 33 or third receiver 43 to the first 
data stream or NTSC TV signal In summary, the three 
discrete receivers 23, 33, and 43 all can intercept and process 
a digital signal of the existing TV system for reproduction. 
The arrangement of the signal transmission system will be 

to described in more detail. 

FK}. 2 is a block diagram of the transmitter 1, in which an 
input signal is fed across the input unit 2 and divided by me 
divider circuit 3 into mree digital signals containing a first, 
a second, and a third data stream respectively. 

15 Assuming that the input signal is a video signal, its low 
frequency band component is assigned to the first data 
stream, its high frequency band component to the second 
data stream, its super-high frequency band cornponent to the 
third data stream. The three different frequency band signals 

20 are fed to a modulator input 61 of th* modulator 4 Htt, a 
signal point modulating/changing circuit 67 modulates or 
changes the positions of the signal points according to an 
externally given signal. The modulator 4 is arranged for 
amplitude modulation on two 90°-out-of-phasc carriers 

23 respectively which are then summed to a multiple QAM 
signal More specifically, the signal from the modulator 
input 61 is fed to both a first 62 and a second AM modulator 
63. Also, a carrier wave of cos<2afct) produced by a carrier 
generator 64 is directly fed to the first AM modulator 62 and 

30 also, to a */2 phase shite 66 where it i^ 

to a sin(2nfct) form prior to transmitted to the second AM 
modulator 63. The two amplitude modulated signals from 

the first and second AM modulator s 62, 61 *rn mnm*A hy 

a summer 65 to a transmission signal which is then trans- 

35 ferred to the transmitter unit 5 for output The procedure is 
well known and will not further be explained. 

The QAM signal will now be described in a common 8x8 
or 16 state constellation referring to the first quadrant of a 
space diagram in FIG. 3. The output signal of the modulator 

40 4 is expressed by a sum vector of two, Acos2nfct and 
Bsin2jtfct, vectors 81, 82 which represent the two 90°-out- 
of-phase carriers respectively. When the distal point of a 
sum vector from the zero point represent a signal point, the 
16 QAM signal has 16 signal points determined by a 

45 combination of four horizontal amplitude values a lf a?, a 3 , 
*4 and four vertical amplitude values b^b^b,,^. The first 
quadrant in FIG. 3 contains four signal points 83 at C u , 84 
at C u , 85 at and 86 at C^. 
C n is a sum vector of a vector 0-a, and a vector 6-b A and 

50 thus, expressed as C u ^ 1 cos2n^c^4> 1 sin27rfct=Acos(27rfcH 
dn/2). 

it is now assumed that the distance between 0 and a lt in 
the orthogonal coordinates of FIG. 3 is A t , between a 4 and 
aj is A3, between 0 and b t is B v and between b t , and b, is 
55 IV 

As shown in FIG. 4, the 16 signal points are allocated in 
a vector coordinate, in which each point represents a four-bit 
pattern thus to allow the transmission of four bit data per 
period or time slot 

60 FIG. 5 illustrates a common assignment of two-bit pat- 
terns to the 16 signal points. 

When the distance between two adjacent signal points is 
great, it will be identified by the receiver with much ease. 
Hence, it is desired to space the signal points at greater 

65 Intervals. If two particular signal points are allocated near to 
each other, they are rarely distinguished and error rate will 
be increased. Therefore, it is most preferred to have the 
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signal points spaced at equal intervals as shown in FIG. 5, lb this respect, a new system is desperately needed for 
in which the 16 QAM signal is defined by A^AJL transmitting the signal point data of a quasi 4 PSK signal in 

The transmitter 1 of the embodiment is arranged to divide the 16 QAM mode with the use of less energy. Otherwise, 

or bit The 16 sigiialpo^ or groups of signal points 3 traiisnu^on system. 

are dMded into four groups. Then, 4 two-bit patterns of the Zl * u . 

first data stream are assigned tote f our s^Xoim^u^ ^ 10 a ^ lcvd 

icsr^vd^asshown^ ajangerneutmwh^thefo^ 

two4wt pattern of the first data stream^ lToneT four " ™ P^fS ^.^ance from each other, as 
signal points of the first signal point group 91 in the first shown m nG * 1# ' fQf minfmi7ln g energy consumption 
quadrant is selected depending on the content of th e second 10 required for 16 QAM modulation of quasi 4 PSK signals, 
data stream for transmission. Similarly, when 01, one signal ^ clarifying the relation between the signal receiving 
point of me second signal point group 92 in the second Kiisitrviry and the trans m itting energy, the arrangement of 
quadrant Is selected and transmitted. When 00, one signal mc di S ttal transmitter 51 and the first receiver 23 will be 
point of me third signal point group 93 in the third quadrant described in more detail referring to FIG. 1. Both me digital 
is transmitted and when 10, one signal point of the fourth 15 transmitter 51 and the first receiver 23 arc formed of known 
signal point group 94 in the fourth quadrant is transmitted types for data transmission or video signal transmission eg. 
Also, 4 two-bit patterns in the second data stream of the 16 in TV broadcasting service. As shown in FIG. 17, the digital 
QAM signal, or eg. 16 four-bit patterns in the second data transmitter 51 is a 4 PSK transmitter equivalent to the 
stream of a 64-state QAM signal, are assigned to four signal multiple-bit QAM transmitter 1, shown in FIG. 2, without 
points or sub signal point groups of each of the four signal 20 AM modulation capability. In operation, an input signal is 
point groups 91, 92, 93, 94 respectively, as shown in FKJ. 7. fed through an input unit 52 to a "v^,,!^ 54 where it is 
ftshould be understood that the assignment is symmetrical divided by a modulator input 121 to two components. The 
between any two quadrants. The assignment of the signal two components are then transferred to a first two-phase 
points to the four groups 91, 92, 93, 94 is determined by modulator circuit 122 for phase modulatio n of a base carrier 
priority to the two-bit data of the first data stream. As the 25 and a second two-phase modulator circuit 123 for phase 
result, two-bit data of the first data stream and two-bit data modulation of a carrier which is 90' out of phase with the 
of the second data stream can be transmitted independently. base carrier respectively. Two outputs of the first and second 
Also, the first data stream will be demodulated with the use two-phase modulator circuits 122, 123 are then summed by 
of a common 4 PSK receiver having a given antenna a summer 65 to a composite modulated signal which is 
sensitivity. If the antenna sensitivity is higher, a modified 30 further transmitted from a transmitter unit 55. 
type of the 16 QAM receiver of the present invention will The resultant modulated signal is shown in the space 
intercept and demodulate both the first and second data diagram of FKJ. IS. 

stream with equal success. It is known that the four signal points are allocated at 

TO.Sshowsariexanmleoftheassigiimentof equal distances for achieving optimum energy utilization, 

seconddata streams m rwc^sit patterns. 35 FIG. IS illustrates an example where the four signal points 

When the low frequency band component of an HDTV 125, 126, 127, 128 represent 4 two-bit patterns, 11, 01, 00, 
video signal is assigned to the first data stream and the high and 10 respectively. It Is also desired for successful data 
frequency component to the second data stream, the 4 PSK transfer from the digital transmhter51tothefirstrccdver23 
receiver can produce an NTSC4evcl picture from the first that the 4 PSK signal from the digital traiismitter 51 has an 
data stream and the 16- or 64-state QAM receiver can 40 airn^iitude of not less than a given level. More specifically, 
produce an HDTV picture from a cornposite reproduction when the muiimum anmHtude of me 4 PSK signal needed 
signal tf the first and second data streams. for transmission from the digital transmitter 51 to the first 

Since the signal points are allocated at equal intervals, receiver 23 of 4 PSK mode, or the distance between 0 and 
there is developed m the 4 PSK lecw a, in FIG. 18 is A** the first receiver 23 successfully 

between the coordinate axes and the shaded area of the first 45 intercept any 4 PSK signal having an anmUtndec€ more man 
quadrant, as shown in FIG. 9. If the threshold distance is A^. 

A^aPSKagnalhavirogauamplita^ The first receiver 23 is arranged to receive at its small - 

folly be intercepted However; the amplitude has to be diameter antenna 22 a desired or 4 PSK signal which is 
increased to a three times greater value or 3A™ for trans- transmitted from the transmitter 1 or digital t^^ 
mission of a 16 QAM signal while the threshold distance 50 respectively through the transponder 12 of me satellite It 
Ago bdngmaintained More particularly, the energy needed and demodulate it with the demodulator 24. In more 
for trarismittiiig the 16 QAM signal k particular, trie first receiver 23 is substantially designed for 

that for sending the 4 PSK signal Also, when the 4 PSK interception of a digital TV or data communications signal 
signal is transmitted in a 16 QAM mode, energy waste will of 4 PSK or 2 PSK mode. 

be high and reproduction of a carrier signal wOl be trouble- 55 FKJ. 19 is a block diagram of the first receiver 23 in which 
some. Above all, the energy available for satellite fransmit- aninraxtsigiudieccivedbyte 

ting is not abundant but strictly limited to minimum use. 12 is fed through the input unit 24 to a carrier reproducing 
Hence, no lnrge-encxgy-consuming signal transmitting sys- circuit 131 where a carrier wave is demodulated and to an/2 
tern will be put into praxtice until more ewrgy for satelHte phare shifter 132 where a 90° phase carrier wave is demodu- 
transmission is available. It is expected that a groat nnmber 60 lated Also, two 90°^^-phase components of the input 
of the 4 PSK receivers are introduced into the market as signal are detected by a first 133 and a second phase detector 
digital TV hroadcastiruj is soon m circuit 134 respectively and transferred to a first 136 and a 

to the market, the 4 PSK receivers will hardly be shifted to second discrirrdnation/demodulation circuit 137 respec- 
higherserisuivity models because a a trvcry.Two demodulated components from their respective 

acteristic gap between the two, old and new, models is high. 65 discrijiL^on/dcmodulation circuits 136 and 137, which 
Therefore, the transmission of the 4 PSK signals must not be have separately been discriminated at units of time slot by 
abandoned means of timing signals from a timing wave extracting 
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circuit 155, are fed to a first data stream reproducing unit 232 the first discriminating area of the vector field shown in FIG. 
where they are summed to a first data stream signal which 2f . Hence, any of the signal points 83, 84, 85, 86 of FIG. 9 
Is men delivered as an output from the output unit 26. can be translated into the signal level 151 of PIG. 2ft by me 

The input signal to the first receiver 23 will now be first receiver 23 so that me two-bit pattern of 11 is assigned 
explained in more detail referring to the vector diagram of 5 to a corresponding time slot The two-bit pattern of U is 
FIG. 2ft. The 4 PSK signal received by the first receiver 23 identical to U of the first signal point group 91 or first data 
from the digital transmitter 51 is expressed in an ideal form stream of a signal from the transmitter L Equally, the first 
without transmission distortion and noise, using four signal data stream will be reproduced at the second, third, or fourth 
points 151, 152, 153, 154 shown in FIG. 2ft. quadrant As the result, the first receiver 23 reproduces 

In jxactice, the real four signal points appear in particular 10 two-bit data of the first data stream out of the plurality of 
extended areas about the ideal signal positions 151, 152, data streams in a 16-, 32-, or 64-state QAM signal trans* 
153, 154 respectively due to noise, amplitude distortion, and mined from the transmitter 1. The second and third data 
phase error developed during transmission. If one signal streams are contained In four segments of the signal point 
point is unfavorably displaced from its original position, it grc<n) 91 and thus, will not affect on me demodulation of the 
will hardly be distinguished from its neighbor signal point 15 first data stream. They may however affect the reproduction 
and the error rate will thus be increased. As the error rate of a carrier wave and an adjusurcnt, described later, will be 
increases to a critical level, the reproductioa of ri«t^ becomes needed. 

less accurate. For enabling the data reproduction at a maxi- If the transponder of a satellite supplies an abundance of 
mum acceptable level of me error rate, the distance between energy, the forgoing technique of 16 to 64-state QAM mode 
any two signal points should be far enough to be distin- 20 transmission will be feasible. However, the transponder of 
guished from each other. If me distance is lAj^, the signal the satellite in any existing satellite transmission system is 
point 151 of a 4 PSK signal at close to a critical error level strictly limited in the power supply due to its cornpact size 
has to stay in a first discriminating area 155 denoted by the and the capability of solar batteries. If the transponder or 
batching of FIG. 2ft and determined by H^jn&A*, and satellite is increased in size thus weight, its teaching cost 
*4*uftwuft> This allows the signal transmission system to 25 wfll soar. This disadvantage will rarely be -H^nt^f by 
reproduce carrier waves and thus, demodulate a wanted traditional techniques unless the cost of launching a satellite 
signal. When the minimum radius of the antenna 22 is set to rocket is reduced Co a considerable level In the existing 
r^, the transmission signal of more man a given level can be *yatm l m wmmwin mmmnni'^ t «j»fr»rtjn » pvyyj/f^ M \^ 
intercepted by any receiver of the system. The amplitude of as 20 W of power supply and a common broadcast tateffite 
a 4 PSK signal of the digits transmitter 51 shown in FIG. 30 offers 100W to 200 Wat best For transmission of such a 4 
18 Is minimum at A^p and thus, the minimum an mlitnde Agp PSK signal in me symmetrical 16-statc QAM mode as 
of a 4 PSK signal to be received by the first receiver 23 is shown in FIG. 9, the miirfmrnn signal point distance is 
determined equal to A^. As the result, the first receiver 23 needed SA^ as the 16 QAM agyttnde is expressed by 
can intercept and demodulate me 4 PSK signal from the 2A l ^A 1 . Thus, the energy needed for the purpose is nine 
digital traasmfttrr 51 at the maximum acceptable level of the 35 tunes greater than that for transmission of a conmion 4 PSK 
error rate when the radius of the antenna 22 is more than r^. signal, in order tn m*Jnt«in r*rmp*rtuwty ai^ anY ^p. 
ft the transmission signal is of modified 16- or 64-state veutional satellite transponder can hardly provid e a power 
QAM mode, the first receiver 23 may find it difficult to for enabling such a small antenna of the 4 PSK fir s t r eceiver 
reproduce its carrier wave. For compensation, the signal to intercept a transmitted signal mererronx For example, in 
points are increased to eight which are allocated at angles of 40 the existing 40 W system, 360 W is needed for appropriate 
(x/44uft/2) as shown in FIG. 25(a) and its carrier wave will signal transmission and will be unrealistic in the respect of 
be reproduced by a 16xnwimphration technique. Also, if the cost 

signal points are assigned to 16 locations at angles of nx/8 It would be understood mat the symmetrical signal state 
as shown in FIG. 25(6), the carrier of a quasi 4 PSK mode QAM technique is most effective when the receivers 
16 QAM modulated signal can be reproduced with the 43 equipped with the same sized antennas are employed cor- 
carrier reproducing circuit 131 which is modified for per- resrxnding to a given transmuting power. Another novel 
forming 16*frcqaency mult iplicat io n. At the time, the signal technique will however be preferred fee use wmi me recciv- 
points In the transmitter 1 should be arranged to satisfy ers equtyped with different sized antennas. 
At/CAj+AaHanCxffi). In more detail, while the 4 PSK signal can be intercepted 

Here, a case of receiving a QPSK signal will be consid- 50 by a common low cost receiver system having a small 
ered.Siiiu1arrytotheroaimerpa antenna, the 16 QAM signal is intended to be received by a 

mo dulflrtn g/ rhangin g circuit €7 in the transmitter shown in nigh cost, high quality, nmltiple-bit modulating receiver 
FIG. 2, it is also possible to modulate the positions of the system with a medium or large sized antenna which is 
signal points of the QPSK signal shown in FIG. 18 designed for providing highly valuable services, eg. HDTV 
(amplitude-irKxMation, pulse-modulation, or the like). In 55 entertainments, to a particular person who invests more 
this case, the signal point demodulating unit 138 in the first money. This allows both 4 PSK and 16 QAM signals, if 
receiver 23 demodulates the position modulated or position desired, with a 64 DMA, to be transmitted ginrnttanconsly 
changed signal The demodulated signal is outputted with the help of a small increase in the transmitting power, 
together with the first data stream. For crampte, the transmitting power can be rnalntained 

Hie 16 PSK signal of the tnnsrnitter 1 will now be fifl low when the signal points are allocated at A 1 «A 2 as shown 
explained referring to the vector diagram of FIG. 9. When in FIG. 18. The amplitude A(d) for transmission of 4 PSK 
the horizontal vector distance A t of the signal point 83 is data is expressed by a vector 96 equivalent to a square root 
greater than A^ of the minimum an^rtitude of me 4 PSK of (A^A^^KB^j) 2 . Then, 
signal of the distal transnihte 51, the four signal points 83, u^fea***^ Ka ^ * 

84, 85, 86 m the first qjiad^ 65 l*WM.W^WAna 

or first 4 PSK signal receivable area 87. When received by l^^,^ 1 ^^ 1 
me first receiver 23, the four points of the signal appear in W(bsyu<4>=a 
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Accordingly, the 16 QAM signal can be transmitted at a FIG. 12 is a vector diagram in which each signal point 
attunes greater amplitude and a four times greater trans- group segment contains 16 signal points as coinpreawim 
SS^ a ^? nfl T l r^ 4 KK signal. A 4 dgnalpotate of FIG. It The &a signal potog^up 

= sariSSsfS 

priite values. Al FIG. 10, the minimum distance between 43 " h md transmitting energy is n^, the equation is 

two signal points in the first segment of the signal point exprcssod &s: 

group 91 is Aj and A 2 /2A l is established as compared with 10 

the distance 2A t of 4 PSK. Then, as A l =A 2 , the distance r/=(tf(*-i)lV 

a^to^m^ mrda^^ 

tour times greater for the same signal leva For having a m the gi^ representation of FIG. 15. 

four times greater value of sctisitivity, the radius r 2 of the W understood that the signal point assignment shown in 

antenna 32 of the second receiver 33 has to be two limes HG * U aIlows ^ sccond receiver 33 to demodulate only 

greater man the radius r, of the antenna 22 of the first two_bil Patterns of 4 PSK data. Hence, it is desired for 

receiver 23 thus satisfying rj=2r r For example, the antenna compatibility between the first, second, and third 

32 of the second receiver 33 is 60 cm diameter when the receivers that the second receiver 33 is arranged capable of 

antenna 22 of the first receiver 23 is 30 oil In this manner, 20 demodulating a modified 16 QAM form from the 64 QAM 

the second data stream representing the high frequency modulated signal. 

component of an HDTV win be carried on a signal channel The compatibility between me three discrete receivers can 

and demodulated successfully. As the second receiver 33 be implernented by three-level grouping of signal points, as 

intercepts the second data stream or a higher data signal, its illustrated in FIG 14. The description will be rnnderefcxring 

owner can enjoy a return of high investment Hence, me ^ to the first quadrant in which the first signal point group 

seco^ receiver 33 of a high pria segment 91 represents the two^ pattern U of me first data 

minimum energy for transmission of 4 PSK data is stream. 

^^^f^l ^ modificd 16 tl * n f*- m particular, a first sub segment Ml in the first signal 

X^Z? ^ 4 ^ taD ^^^^^c^ail^d point group segment 9 1 is as^ed the two-bit pattern Uof 

^t^^ "^'ao u^nTd^L Eq^sccond XflE SJ 

In S e^«sed bv ((A +A~VA which k afourm «* ***** 184 « ****** 01 ' 00,andl0of 

*EElS *° -* ^ffvely. This assignment is identical to that 

signal point distance suited for inodffiM 16 QAM intact shown to FKJ. 7. 

tion is A^, the signal point distance for 4 PSK interaction The signal point allocation of the third data stream wiD 
is 2A lt and the signal point distance ratio is A/2Athe 35 ^^^P^^refcningtothevecte 

antenna radius r 2 is determined as shown in HO 1L in Aaw8 < l uadriIst - s^own, the four signal 

which the curve Ml represents the relation between the j, 0 * 1 ?* 1,2 *' ^^^^^^timMtpmeaatU, 

traiismitring energy ratio n ltf and the radius u of the antenna . ^Sf^f *?1 21# ' * M 01, mc ^ 

22 of the second receiver 23. points 213, 2t7, 2LU 215 represent 00, and signal points 
Also, the point 1*2 indicates transmission of common 16 <° ^"*J¥* "f" 6 " 5 * Aoawiingly, the two-bit 

QAM at the equal distance signal state mode where the P***™ « *W data stream can be transmitted sepa- 

transrnittiiig energy is nine times greater and thus will no to first and second data streams, m other words, 

iixreber«cticaLAsappar^ Z^J? * 5? J" 6 ***** «^ ^els be 

antenna radius r 2 of the second receiver 23 cannot be tra f mitt « l rcsjwtively. 

reduced further even if n 16 is increased more than 5 times. 45 ^ cr8t °? d ! t ^L I T MC ? t mvcnti00 P"* 1 * 8 004 onl > r 

The transmitting energy at the satellite is limited to a tranj ™T m ** dx_bit te 1150 Perception of three, 

small value and thus, n 16 preferably stays not more than 5 ^^^^crcnt bit length data with 

timea the vame, as denoted by tte meir respective receivers while the signal compatibility 

point 1*4 within the hatching arc7lt3 indicates, for W ^J M T^ lto S ***** 

example, that the antenna radius r, of a two times greater so The signal point allocation for providing comr^flity 

value is inatcliedwimn4xvali W bC ?~T ^ ^^^Jf^f will be desodbed. 

Alscs me poim 1*5 represents Asshown in FIG. 15, A^A^ is essential for allowing 

sho<UdbedouUedwhenr 2 k >** ***** » to the fh* datt strata 

are all within a feasible range It is iieeded to space any two sigrid 

The value of n 16 not greater than 5xvame is expressed 35 ^J^^^J^ scgmcot ^ P 0 *** ^ 

using A x and A- as: ^ 182, 183, 184, of the second data stream shown in FIG. 15 

_ ^ w ^ can be distinguished ftcm me signal point 91 shown m FIG. 

Hence, A 2 ^L23A l . FIG. 15 shows that they are spaced by 2/3 A 2 . In this case, 

If the distance between any two signal point group 60 ttlc distance between the two signal points 201 and 212 in 

segments shown in FIG. 1* is 2A(4) and the maximum the first sub segment 181 is The transmitting energy 

amplitude is 2A(M),A(4) and A(l*)-A(4) are proportional needed for signal Interception with the third receiver 43 is 

to Aj and A, respectively. Hence, (A(ltf)) 2 £5(A(14)) 3 is now calculated. If the radius of the antenna 32 is r 3 and the 

established needed transmitting energy is n^ times the 4 PSK transmit- 

The action of a modified 64 ASPK transmission will be 65 ^ CDCr gy> the equation is expressed as: 
described as the niird receiver 43 can perform 64-state QAM 

dcmoduUti011 - ^.^.-i) 
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Ibis relation is also denoted by the curve 221 in FIG. 16. For the error rate. Referring to FIG. 26, the demodulated signal 
example, if the transmitting energy is 6 or 9 times greater from the second data stream reproducing unit 233 may be 
than that for 4 PSK transmission at the point 223 or 222, the fed back to the demodulation controller 231 to change the 
antenna 32 having a radius of 8x or oxvalue respectively can shift factor AJA 2 in a direction to increase the error rate. By 
intercept the first, second, and third data streams far 5 this arrangement, the third receiver 43 may not demodulate 
demodulation. As the signal point distance of the second the shift factor Aj/A^ so that the circuit construction can be 
data stream is close to 2/3 A 2 , the relation between i t andr 2 simplified. Further, the traiismitter may not transmit the shift 
is expressed by: factor AJA^ so that the transmission capacity can be 

increased. This technique can be applied also to the second 
K*-D io receiver 33. 

Therefore, the antenna 32 of the second receiver 33 has to FIGS ' ^ ^ m vkws showil « 
bealittfc bit increase attocations for the C-CDM signal points, wherein signal 

As understood, wrnlemefi^ pomts are ^^f^^^f^^J^^ 



trough a traditional satellite which provides a 



(r, 6). The previously described C-CDM is characterized in 



small atonal transrnitiinc enow the third data stream can 15 ^ mc points arc shifted in the rectangular coordi- 
also beTastn^au^.Z^ satellite which provides ^^^^^^J^^*^*? 
a greater signal transinimnK energy without Interrupting the Z^?*** C0 «* Mte «y ten C-CDM. Meanwhile this 

of modMc^on of the same aad thus, both the coin- „ ^~o^^o^^dtoc««,Uirfaiedlo M 
pauMlity and me advancememwffl high* be ensured. 20 ^ r "^^^f^ C ^,, ln ^ on rf BKlAP ~ r 

axc4 r tc «y ston " £ J*» ^ polar 

transmit*, 51 oc the fiS <UU strc«n o?^ S 23 T^IT "^V- 25°?/^ £ 

transmitter 1, the secood receivtr 33 is adopted fiperfectiy *^* on ! he QPSl^shownm RG. 25£). Asthepole 
demodtuating the 16 signal sUte two^Xl^to FM l^t^^^t^Zt^^l 
W, or second data stream of the 16 QAM signal from the t^SS^ ^ 

^.»«™i«-r i i- f j.^ tZ^Atll , <«.. SP-APSK in the abbreviated foon. Is this case, coordinate 

S^mASm^^ 30 n^-Mfc-r^** « « specified 

7^, rftTTrr^r..Zr^ *H utia 8 • **** S, as shown in FKJ. 13». Namely, 

me second receiver 33, shownTpS^l!^ if turn ^^^J^^F^^ 1 ^^ 

zt^zts^^***^- » ^?^fiS fa ^ 2 Ks2" 

^bkxidiagnm^me^od reaver 33 in FIG. 21 ^T**?* * K^***? QFS ^ 

issimilarmbaskc^ctiontothatcf^ hS^T^ 1^ ontT^^ t^Sdf 

shown in FIG. IS. The difference is that the radius r 2 of the ™* f 4 * ff^P 0 ^ ^^^ISSt 

antenna 32 is greater than r, of the antenna 22. This aEows *^ ^ to !*" ^ 

the second S » to Wennf^ a^S Znwm « 

involving a smaller signal poiatdZnce^denZLor ttiStt £2££T^^!^tlS& 

35 of theses receiver 33 tl^cootsins a first 232 and s i^V't^T^d^l^ JfJ^I^f 

second data stream reproducing onit 233 in addition to the APSK which provides the 2^ subchannel 1, ^ ^ 

demodulation eonlrolta»L Thae Is provided a first A€ " h4mid *"* * "JZlS&SSPt 

discriininatlonAeproduction circuil 136 for AM demodula- 43 ^f^J^ 00 ^ ^ ^ 

hoTTmodffied iToAM signals. As understood, each ^ Wte^^me^^^d^uSb! 

c^is a^tsignri having two, positive and negstive, t^^^^^^J^^^ 
threshold values about the zero leveL As apparent from me 
vector diagram, of FIO. 22, the threshold values are varied 



first subchannel of 2-bit although the second i 
cannot be demodulated. As described above, the C-CDM 



depending on the transmitting energy of a transmitter **tw 50 ^j^*** °J shifting the signal points in the polar coordinate 

the transmitting signal of me embodiii^^ ^^^2^21^ 

determined by, as shown rn FIO. 22: pre^^hSSl^Tw^sS 

m ltF 4/i l +Ajm\ i *Aj 55 the first generation viewers of the satellite broadcast service 

based on the PSK, the broadcast service will advance to a 

The various data for d em odulation including A x and A, or second generation stage wherein the APSK will be used to 

TH 16 , and the value m for rnumple-bit modulation are also increase transmittabk information amount by use of the 

transmitted from the transmitter 1 as carried in the first data multi-level modulation while maintaining compatibility, 

stream. The demodulation controller 231 may be arranged 60 In FIG. 25(6), the signal points are allocated on the lines 

for recovering such demodulation data through statistic of With mis arrangement, the 16 PSK signal points 



process of the received signaL are reduced or limited to 12 signal points, ix. 3 signal points 

A way of determining the shift factor AJA^ win be in each quadrant With this limitation, these three signal 
described with reference to FIG. 26. A change of the shift points in each quadrant are roughly regarded as one signal 
factor Aj/Aa causes a change of the threshold value. Increase 65 point for 4 QPSK signals. Therefore, this enables the QPSK 
of a difference of a value of Aj/Aj set at the receiver side receiver to reproduce the first subchannel in the 
from a value of Ar/A^ set at the tmnsmitter side will increase manner as in the previous einbodiment. 
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More specifically, the signal points arc disposed on the lation data retrieved by foe first data stream reproducing unit 

lines of 9=Jt/4, 0=k/4+ti/8, and e=Jt/4-n/8. In other words, 232 is transferred to the demodulation controller 231. If m 

the added signals are offset by an amount ±9 in the angular is 4 or 2 at Step 3*3, the demodulation controller 231 

direction of the polar coordinate system from the QPSK triggers demodulation of 4 PSK or 2 PSK at Step 313. If not, 
signals disposed on the lines of &=n/4. Since all the signals 5 deprocedure moves to Step 310. At Step 305, two threshold 

are in the range of e=n/4±jt/8, they can be regarded as one vah,cs TH 8 and TH 16 are calculated. The threshold value 

of QPSK signal points on the line of 6=Jt/4. Although the ™i6 for AM demodulation is fed at Step 316 from the 

error rate is lowered a little bit in this case, the QPSK demodulation controller 231 to both the first 136 and the 

receiver 23 shown in FIG. 19 can discriminate these points second discdminan'onAepro<mction circuit 137. Hence, 
as four signal points angularly allocated Thus, 2~hit data can in too * d a tio B ^ modified 16 QAM signal and repro- 

be reproduced. auction of the second data stream can be carried out at Steps 

In case of the angular shift C-CDM, if signal points are 307jmd 315 respectiy^ At Step 308, me error rate is 

disposed on the lines of am, the carrier wave reprod^n ^a^J^JSSS^ toStc P 3Ufor 

meuts^ the «gnal points are n«d^ ofthetTof ^E^^e^ 

mesameinaiu^asmomeremboC^ repro^guiA 233toacan^ 

O^^^^r ^Points ^ the 20 ZSX£!^Sff 

QPSK or 8-SP-APSK is 2^ in the polar coordinate system ^nJ tr.n„JSTi i?^Zl~FL\L 1* , ^ , 

5> A £TL™k~ l^Z.^^^^JZ^.^^ second data stream. The carrier timing signal enables to 

ir&o. Thus, the number of signal points is doubled. Thus, 25 lA^tifw ih* ^<m»\ r^nte *i «*a X^tS^Z*A^ll 

me 1-hit subchannel 3 can be added and is referred tons r*^J^ ™l K of me first data stream 

S-SP-PSK of Ml . If eight signal points are further added Z****? l^^t^J^ «^ *** 

by shifting the MP^^S mTra^us rtoctaby JS* J?^^^^ CBl 

ai amZs.ro, it will be^ne possibTto^o^o^ ^transmitting 

APSK (P, S x type) as shown in FIG. 142. The sutxhannels 30 then a. ^ ^™ 

1 and 2 can be reproduced by two SPS-PSKs having the Jtl^™?^ *^^<^*<*" <* TO- 

same phase wimcari other. m 18 16 * not ■* xm ***** <* * modified 

systemcanbcar^totr*PSKass^ SS!SL?£?m L^JSLft "1 ^ * *! 

wfll be adopted to me first generation satellite broadcast 15 *ff^*f** Uttot ^*^^ 
service, Soever, if adopted !oTsec^ * ^^^^^^^^ 

cllite broadcasting based on the APSK, thu oSX^^S&S^™^ 
sy^C^MhMcri^in^^p^in^saat QAM signal is calculated from: 
group cannot be uniformly spaced as shown in FIG. 142. ^i+Wi^ 

Accordingly, utilization efficiency of electric power is wors- 40 This calculation is equivalent to that of TH W but its resultant 

ened. On the other band, the rectangular coordinate system distance between signal points is smaller. 

CO>M has good compatibility to the PSK. if the signal point distance in the first sub segment 181 is 

The system shown in FIG. 2Sfl>) is compatible with both A 3 , the distance between the first 181 and the second sub 
the rectangular and polar coordinate systems. As the signal segment 182 is expressed by ( Av-2A A Then, the average 
points are disposed on the aiigularHnesof the 16FSK, they 45 distance is (A^2A 3 ><A 1 +A a ) which Is designated as Z 
can be demodulated by the 16 PSK. Furthermore, as the When is smaller man T a which represents the signal 
signal poiats arc divided into groups, the QPSK receiver can point discrimination capability of the second receiver 33, 
be used for demodulation. Still further, as the signal points any two signal points in the segment wfll hardly be distin- 
are also allocated to suit for the rectangular coordinate guishedfixm each other. Tmsjuc^ 

mc Modulation will be performed by the so 313, ffd^is out of a permissive range, the noocdm moves 
16-SRQAM. Consequently, the compatibility between the back to Step 313 for 4 PSK mode demodulation, ff dL. is 
rectangular coordinate system C-CDM and the polar coor- within the range, the procedure advances to Step 985 for 
OJuato system C-CDM can be assured in any of the QPSK, allowing the demodulation of 16 QAM at Step 387. If it is 
16PSK, and 16-SRQAM determined atStep388thattheerrccrateistoo high, the 

The demodulation controller 231 has a memory 231* for 55 procedure goes back to Step 313 for 4 PSK mode dcrnodu- 
storing therein different threshold values (Lc, the shift lation. ocmoou- 
factors, the number of signal points, the synchronization When the traasniitterlsu^ 

rate, etc.) which correspond to different channels of TV such as shown in HO. 25(a) in which all the signal points 
broadcast When receiving one of the channels again, the are at angles of cos(2jtf4u.R/4), the carrier waves of the 
values corresponding to the receiving channel wfll be read 60 signal are lengthened to the same phase and will thus be 
outofmcmcnMrytomerety reproduced with much ease. At the time, two4>it data of the 

If tte demodu l ation data is lost, the demodulation of the first data stream are d«nnA.i«M with the 4-PSK receiver 
second data stream wfll hardly be executed. This wfll be while ooehitdata of the second data stream b demodulated 
explained referring to a flow chart shown in HO. 24. with the second receiver 33 and the totalof three-bit data can 

Even if the demodulation data is not available, demodu- 65 be reproduced, 
lation of the 4 PSK at Step 313 and of me first data stream The third receiver 43 wfll be described in more detail 
at Step 381 can be implemented. At Step 382, the demodu- FIG. 26 shows a block diagram of the third receiver 43 
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similar to that of the second receiver 33 in FIG. 21. Hie QAM signal with the use of a. 4 PSK receiver. However, a 

difference is that a third data stream reproducing unit 234 is common 4 PSK receiver rarefy reconstructs carrier waves, 

added and also, the d^scrimination/pqgoduction circuit has a thus failing to perform a correct demodulation. For 

capability cf identifying eight-bit data. The antenna 42 of the compensation, some arrangements are necessary at both the 

third receiver 43 has a radius r 3 greater than r 2 thus allowing s transmitter and receiver sides. 

smaller distance state signals, eg. 32- or 64-state QAM Two techniques for the compensation are provided 

signals, to be demodulated For demodulation of the 64 according to the present invention. A first technique relates 

QAM signal, the first discriminauonoxproduction circuit to transmission of signal points aligned at angles of (2&-1) 

136 has to identify 8 digital levels of the detected signal in n/4 at intervals of a given time. A second technique offers 

which seven different threshold levels are involved. As one to transmission of signal points arranged at intervals of an 

of the threshold values is zero, three are contained in the first angle of mr/8. 

quadrant According to the first technique, the eight signal points 

FIG. 27 shows a space diagram of the signal in which the including S3 and 85 are aligned at angle s of n/4, 3n/4, So/4, 

first quadrant contains three different threshold values. and 7n/4, as shown in FIG. 38. In action, at least one of the 

As shown in FIG. 27, when the three normalized thresh- is eight signal points is transmitted d u rin g sync time slot 

old values arc THl^TrO^, andlTO^ they are expressed periods 452, 453, 454, 455 arranged at equal intervals of a 

time in a time slot gap 451 shown in the time chart of FIG. 

to wi jjk nvtA ^ \ 38. Any desired signal points are transmitted during the 

i«i*WtWzy(Ar**2) other time slots. The transmitter 1 is also arranged to assign 

Tm^Ai+Ajny^+Aj 20 a data for the time slot interval to the sync timing data region 

499 of a sync data block, as shown in FIG. 4L 

M<1 The content of a transmitting signal will be explained in 

TiR^riAt+ArA/iyiAt+Ad morc <fctafl rcfarin 8 to HG. 4L The time slot group 451 

containing the sync time slots 452, 453, 454, 455 represents 

Through AM demodulation of a phase detected signal 25 a unit data stream or block 491 carrying a da ta of Dn. 
using the three threshold values, the third data stream can be The sync time slots in the signal are arranged at equal 
reproduced like die first and second data stream explained intervals of a given time determined by the time slot interval 
with FIG. 21. The third data stream contains eg. four signal or sync timing data. Hence, when the arrangement of the 
points 2*1, 282, 2*3, 2*4 at the first sub segment 181 shown sync time slots is detected, reproduction of carrier waves 
in FIG. 23 which represent 4 values of two-bit pattern. 30 wiU be executed slot by slot through extracting the sync 
Hence, six digits or modified 64 QAM signals can be timing data from their respective time slots. Such a sync 
demodulated. timing data S is contained in a sync hlcck 493 accompanied 

The demodulation controller 231 detects the value m,A 1 , at the front end of a data frame 492, which consists of a 
A* and A 3 from the demodulation data contained in the first number of the sync time slots denoted by the hatching to 
data stream demodulated at the first data stream reproducing 35 FIG. 41. Accordingly, tike data to be extracted for carrier 
unit 232 and c a lcula te s the three threshold values THl^, wave reproduction are increased, thus allowing the 4 PSK 
TH264, and TIB ^ which are men fed to me first 136 and the receiver to reproduce desired carrier waves at higher accu- 
second m'srriminatioa/feprodoction circuit 137 so that the racy and efficiency. 

modified 64 QAM signal is demo d ul a ted with certainty. The sync block 493 comprises sync data regions 496, 497, 

Also, if the demodulation data have been scrambled, the 40 498, containing sync data SL, S2, S3, respectively 

modified 64 QAM signal can be demodulated only with a which include unique words and demodulation data. The 
specific or subscriber receiver. FIG. 28 is a flow chart phase sync sign*! assignment region 499 is accompanied at 
showing the action of the demodulation controller 231 for the end of the sync block 493, which holds a data of I? 
modified 64 QAM signals. The difference from the flow including information about interval arrangement and 
chart for d emodulati on of 16 QAM shown in FIG. 24 will be 45 assignment of the sync time slots, 
explained. The procedure moves from Step 384 to Step 328 The signal point data in the phase sync time slot has a 
where it is examined whether m=32 or not. If m=32, particular phase and can thus be reproduced by the 4 PSK 
demodulation of 32 QAM signals is executed at Step 322. If receiver. Acccrdin^y, ^ in the phase sync signal assignment 
not, the procedure moves to Step 321 where it is examined region 499 can be retrieved without error thus ensuring the 
whether m=64 or notff yes, A 3 is examined at Step 323. If 50 reproduction of carrier waves at accuracy. 
A 3 is smaller than a predetermined value, the procedure As shown in FIG. 41, the sync block 493 is followed by 
moves to Step 385 and the same sequence as of FIG. 24 is a demodulation data block 581 which contains demodula- 
implemented. If itis judged at Step323that A3 is not smaller tion data about threshold voltages needed for demodulation 
(baa the predetermined value, the procedure goes to Step of the modified rnnlhple-bit QAM signal This data is 
324 where the threshold values are calculated At Step 325, 55 essential for demodulation of the multirio-bit QAM signal 
me calculated threshold values are fed to the first and second and may preferably be contained in a region 582 which is a 
di s <Timi ns t inn^eproduction circuits and at Step 326, the part of the sync block 493 for ease of retrieval 
de m odu l at io n of the modified 64 QAM signal is carried out FIG. 42 shows the assignment of signal data for trans- 
Then, the first, second, and third data streams are reproduced mission of burst form signals through a TDMA method, 
at Step 327. At Step 328, the error rate is examined. If the 60 The assignment is distinguished from that of FK3. 41 by 
error rate is high, the procedure moves to Step 385 where the the fact that a guard period 521 is inserted between any two 
16 QAM demodulation is repeated and if low, the demodu- adjacent Dn data blocks 491, 491 for interruption of the 
lation of the 64 QAM is continued. signal transmission. Also, each data block 491 is accompa- 

The action of carrier wave reproduction needed for execu- nied at front end a sync region 522 thusfctming a data block 
tion of a s ati sf act or y demodulating procedure will now be 65 492. During the sync region 522, the signal points at a phase 
described. The scope of the present invention includes of (2n-l)n/4 are only transmitted. Accordingly, the carrier 
reproduction of the first data stream of a modified 16 or 64 wave reproduction will be feasible with the 4 PSK receiver. 
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Mare specifically, die sync signal and earner waves can be reproducing circuit shown in FIG- 43, an extracting timing 
reproduced through the TDMA method. controller circuit 543 performs sampling of signal points 

The earner wave reproduction of the first receiver 23 contained in the hatching areas of FIG. 39. Accordingly, the 
OW ^i n W ^ ^P 1 ** 1 "* 1 m mOTC dctafl referring carrier wave of a 16 or 64 QAM signal can be reproduced 
to FIGS. 43 and 44. As shown in FIG. 43, an input signal is 3 with the 4 PSK demodulator of the first receiver 23 
fed through the inp^ 541 The reproduction of a carrier wave by loxfrequcncy 

where it is sync detected. A demodulated signal from the multiplication wOl be explained. The transmitter 1 shown in 
sync detector 541 is transferred to an output circuit 542 for FIG. 1 is arranged to modulate and transmit a modified 16 
reproduction of me fi^o^ stream. A data of mephasesync QAM signal with assignment of its signal points at mx/8 
signal assignment data region 499 (shown in FIG. 41) is 10 phase as shown in FIG. 46. At the first receiver 23 shown in 
retrieved with an extracting timing controller circuit 543 so FIG. 19, the carrier wave can be reproduced with its COS- 
that me ^ timing of sync signals of (2n-l)tf4 data can be TAS carrier reproduction controller circuit containing a 
admowledged and transferred as a phase sync control pulse loxmultiplicr circuit 661 shown in FIG. 48. The signal 
561 shown m FIG. 44 to a carder reproduction controlling points at each rn^g phase shown in FIG. 46 are processed at 
cnxny 544. Also, the demodulated signal of the sync dctec- 15 the first quadrant b the action of the loxnuiltipher circuit 
tor circuit 541 is fed to a frequency nuimpKer circuit 545 661, whereby the carrier will be reproduced by the combi- 
where it is 4xmnlriplied prior to transmitted to the carrier nation of a loop filter 546 and a VCO 541. Also, the absolute 
reproduction controlling circuit 544. The resultant signal phase may be determined from 16 different phases by 
denoted by 562 toHG. 44 contains a tra assigning a unique word to the sync region. 

tatedata.Asfflustratedfaatm^ 20 The arrangement of the 16xmnmplier circuit wffl be 

phase sync time slots 452 carrying the (2n-l)n/4 data are explained referring to FIG. 48. A sum signal and a difference 
alsoccntamedateo^intOT^ signal are produced from the demod ula ted signal by an 

controlling circuit 544, the signal 562 is sampled by the adder circuit 662 and a subtracter circuit 663 respectively 
phase sync control pulse 561 to produce a phase sample and then, multiplied each other by a muldplier 664 to 1 cos 
signal 565 which is men converted through sample-hold 25 26 signal Also, a multiplier 665 produces a sin 28 signal 
action to a phase signal 566. The phase signal 566 of the The two signals are then multiplied by a multiplier 666 to a 
carrier reproduction controlling circuit 544 is fed across a sin 46 signal. 

loop filter 546 to 1 VCO 547 where its relevant carrier wave Similarly, a sin 86 signal is produced from me two, sin 28 
is reproduced. The reproduced carrier is then scut to the sync and cos 26, signals by the combination of an adder circuit 
detector circuit 541. 30 667, a subtracter circuit 668, and a multiplier 67t. 

fa mis manner, the signal point data of the <2n-l)rt4 Furthermore, a sin 166 signal is produced by the comhina- 
phase denoted by the shaded areas in FIG. 39 is recovered tion of an adder circuit 671, a subtracter circuit 672, and a 
a^utilizedsothatacofiea multiplier 673. Then, the 16xmnltiplication is completed, 

by 4x or loxfrequcncy mnmpUcation. Although a plurality Through the foregoing 16xmultipacation, the carrier 
of phases are reproduced at the tune, the absolute phases of 35 wave of all the signal points of the modified 16 QAM signal 
the carrier can be successfully be identified wim the used of shown in FIG. 46 will successfully be reproduced wimout 
a umc^e word assigned to tr* sync reg extracting particular signal points. 

41 * However, reproduction of the carrier wave of the rnodified 

For fcanamission of a modified 64 QAM signal such as 64 QAM signal shown in FIG. 47 can involve an increase in 
srjc^mFia4a, signal points fotte 40 the error rate due to dislocation of some signal points from 

at the (2n-l)*/4 phase derjc^cd by the riatching trc assigned the sync areas 471. 

to the sync time slots 452, 4526, etc Its carrier can hanfly Two techniques are known for compensation for the 
^ reproduced with a common 4 PSK receiver but success- omscquences. One is inhibiting transmission of the signal 
^ with the fim receiver 23 of 4 PSK mo^ points <fislocated from the sync areas. This causes the total 

the carrier reproducing circuit of the embodiment 45 amount of transmitted data to be reduced but allows the 

The foregoing carrier reproducing circuit is of COCTAS arraiigementtobcradKt^ 
type. A carrier reproducing circuit of reverse modulation time slots as described in FIG. 38. In more particular, the 
type will now be explained according to the ernrxxhment signal points in the tut/8 sync phase areas, e.g> 471 and 471a, 

FKL 45 shows a reverse modulation type carrier repro- are transmitted during the period of the corresponding sync 
during circuit according to the present invention, in which 50 time slots in me time slot group 451. This triggers an 
a received signal is fed from the input unit 24 to a sync accurate synchronizing action during the period thus mini- 
detector circuit 541 for producing a demodulated signal. mizing phase error. 

Also, die input signal is delayed by a first delay circuit 5M As now understood, the loxmultiplication allows the 
to a delay signal The delay signal is then transferred to a simple 4 PSK receiver to reproduce the carrier wave of a 
quadrature phase rnodulator circuit 592 where it is reverse 55 modified 16 or 64 QAM signal Also, the insertion of the 
«ra* Pi 1irfe d oVmodulated signal from the sync sync time slots causes me phasic accuracy to be increased 

detector circuit 541 to a carrier signal The carrier signal is during the reproduenca of carrier waves from a modified 64 
fed through a carrier reproduction controller circuit 544 to a QAM signal 

phase comparator 593. A carrier wave produced by a VOO As set forth above, the signal transmission system of the 
547 is delayed by a second delay circuit 594 to a delay signal 60 present Invention is capable of transmitting a plurality of 
which is also fed to die phase comparator 593. At the phase data on a single carrier wave simultaneously in the mulnple 
ccrtnparator 594, the reverse demodulated carrier signal is signal level arrangement 

compared in phase with the delay signal thus producing a More specifically, three different level receivers which 
phase difference signal The phase difference signal sent have discrete characteristics of signal intercepting sensitiv- 
ttaounji a loop filter 546 to the VOO 547 which in turn 65 ity and demodulating capability are provided in relation to 
produces a carrier wave arranged in phase wim the received one single transmitter so mat any one of mem can be 
carrier wave. In the same manner as of the COSTAS carrier selected depending on a wanted data size to be demodulated 



5,802,241 

27 28 

which is proportional to the price When die first receiver of ON rate is d at minimnfn, three components D t 2 , D 2 t and 

low resolution quality and low price is acquired together D 2 . 2 cannot be reproduced while D H is reproduced if C7N 

with a small antenna, its owner can intercept and reproduce is not less than c, D t 2 can also be reproduced. Equally, when 

the first data stream of a transmission signal When the C/N is b, D 2 _ t is reproduced and when ON is a, D 2 2 is 

second receiver of medium resolution quality and medium 5 reproduced. As the C/N rate increases, the reproducible 

price is acquired together with a medium antenna, its owner signal levels arc increased in number. The lower the C/N, the 

can intercept and reproduce both the first and second data fewer the reproducible signal levels. This will be explained 

streams of the signal. When the third receiver of high in me form of relation between transmitting distance and 

resolution quality and high price is acquired with a large reproducible C/N value referring to FIG. 86. In common, the 

antenna, its owner can intercept and reproduce all the first, 1Q C/N value of a received signal is decreased in proportion to 

second, and third data streams of the signal the distance of transmission as expressed by the real line 861 

ff the first receiver is a home-use digital satellite broadcast in FIG. 86. It is now assumed that the distance from a 

receiver of low price, it will c^rwhelmingly be welcome by transmitter antenna to a receiver antenna is La when C/N=a, 

a majority of viewers. The second receiver accompanied Lb when ON=b t Lc when ON=c, Ld when ON=d, and Le 

wim the medium antenna costs mere and wm be accepted by when ON=c If the distance from the transmitter antenna is 

not common viewers but particular people who want to 15 greater than Ld, D t l can be reproduced as shown in FIG. 85 

enjoy HDTV services. The third receiver accompanied with where the receivable area 862 is denoted by the hatching. In 

the large antenna at least before the satellite output is other words, D t . t can be reproduced within a most extended 

increased, is not appropriate for home use and will possibly area. Similarly, D^ 2 can be reproduced in an area 863 when 

be used in relevant indu s t ri es. For example, the third data me distance is not more than Lc In this area 863 containing 

stream carrying super HDTV signals is transmitted via a 20 the area 862, can with no doubt be reproduced. In a 

satellite to subscriber cinemas which can thus play video small area 854, D 2-1 can be reproduced and in a smallest area 

tapes rather than traditional movie films and run movies 865, D 2 2 can be reproduced As understood, the different 

b us i n e ss at low cost data levels of a channel can be reproduced corresp onding to 

When the present invention is applied to a TV signal degrees of declination in the C/N rate . The logic multi-levd 

t ran s missio n service, three different quality pictures are 25 arrangement of the signal transmission system of the present 

carried on one signal channel wave and wiU offer cornpat- invention can provide the same effect as of a traditional 

itnlity with each other. Almough the first embodiment refers analogue transmission system in which the amount of 

to a 4 PSK, a modified 8 QAM, a modified 16 QAM, and a receivable data is gradually lowered as the C/N rate 

modified 64 QAM signal, other signals - will also be decreases. 

employed wim equal success including a 32 QAM, a 256 30 The construction of the logic multi-level arrar^ement wiU 

QAM, an 8 PSK, a 16 PSK, a 32 PSK signal. It would be be described in which mere are provided two physical levels 

understood that the present invention is not limited to a and two logic levels. FIG. 87 is a block diagram of a 

satellite transmission system and will be applied to a ter- trarisrnirter 1 which is substantially identical in construction 

restrial communicatio ns system or a cable transmission to that shown in FIG. 2 and described previously in the first 

system, furthermore, the prescm invention wffl beaded to 35 embodirnent and will no further be explained in detail. The 

me 4- or g-vahie ASK signals shown in FIGS. 58, 68(a) and only difference is that error correction code encoders are 

added as abbreviated to EOC encoders. The divider circuit 3 

Frnhodimrnt 2 has four outputs 1-1, 1-2, 2-1, and 2-2 through which four 

A second embodiment of me rrescatirrventionU featured signals D^, V lm3 , D^ lt and D M divided from an input 
in which the physical multi-level arrangement of the first 40 signal are delivered. The two signals D t . t and D 1 3 are fed 
embodirnent is divided into small levels through e.g. dis- to two, main and sub, EOC encoders 872a, 873a of a first 
crimination in error correction capability, thus forming a ECC encoder 871a respectively for converting to error 
logic multi-level construction. In the first embodiment, each correction code forms, 
multi-level channel has different levels in me electric signal The rrudn ECC encoder 872a 1m 
amplitude or physical demodulating capability. The second 45 capability than that of the sub ECC encoder 873a. Hence, 
embodiment offers different levels in the logic reproduction D w can be reproduced at a lower rate of ON than D 4 _ 2 as 
capability such as error ocnectkNLfocxaini^lliedaUD! apparent from the CN4evd diagram of FIG. 85. More 
in a multi-levd channel is divided into two, D U1 and D u> parUcularty, die logic level of D H is less affected by 
components and is more increased in the error coerce- declination of the ON man mat of After error correc- 
tion capability than D w for discrimination. Accordingly, as 50 tion code encoding, D 4 _, and D U2 are summed by a summer 
the error detection and correction capability is different 874a to a Dj signal which is then transferred to the modu- 
betwcea D ul and 1> U2 at de m odu l a ti on, can success- later 4 The other two signals D 2 _, and Dj_ 2 of the divider 
fully be reproduced within a given error rate when the ON circuit 3 arc error correction encoded by two, main and sub, 
level of an original transmitting signal is so low as to disable EOC encoders 8726, 8736 of a second EOC encoder 8716 
the reproduction of D^. This wiU be tmriemented using die 55 respectively and then, summed by a summer 8746 to a D 3 
logic rmitti-levci arrangement signal which is transmitted to the modulator 4. The main 

More specifically, the logic multi-level arrangement con- EOC encoder 8726 is higher in the error correction capa- 

sists of dividing data of a modulated multi-level channel and biKty than the sub ECC encoder 8736. The modulator 4 in 

discriminatin g distances between error correction codes by turn produces from the two, D 1 and D* input signals a 

mixing error correction codes with product codes for vary- <so multi-levd modulated signal which is further transmitted 

ing error correction capability. Hence, a more multi-level from the transmitter unit 5, As understood, the output signal 

signal can be transmitted. from the transmitter 1 has two physical levels D, and D 2 and 

In fact, a D t channel is divided into two sub channels also, four logic levels D 1 . l , D 2 . lt and based on the 

and Dj. 2 and a D 2 channel is divided into two sub channels two physical levels for providing different error correction 

afldDj.* 65 capabilities. 

This will be explained in more detail referring to FIG . 87 The reception of such a multi-level signal will be 

in which V t . x is reproduced from a lowest ON signal. If the explained. FIG. 88 is a block diagram of a second receiver 
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33 which is almost identical in construction to that shown in When ON is increased up to c at the point 885c, D 4 
HG. 21 and described in the first embodiment The second becomes not higher in the error rate than Em and can be 
receiver 33 arranged for intercepting multi-level signals reproduced At the time, D 2 ^ and D 2 2 remain in no 
from the transmitter 1 shown in FIG. 87 further comprises demodulation state. After the ON rate is increased further to 
a first 876a and a second ECC decoder 876©, in which the 5 b\ the D 2 signal becomes ready to be demodulated. 
tenx^on of QAM, or any of ASK, PSK, and FSK if When ON is increased to b at the point 8856, D 21 ofthc 
chaired, is executed D 2 signal becomes not higher in the error rate man ~Eth and 

As shown in FIG. 88, a receiver signal is demodulated by can be reproduced At the tii^ 
toederoodulatorSStothetwo, D, andD 2 , signals which are higher than Eth and will not be reproduced When ON is 
men fed to two dividers 3a and 36 respectively where they to increased up to a at the point 885a, D 22 becomes not higher 
are divided into four logic levels D^,, D 10 , D^, and D 22 . than Eth and can be reproduced 

The four signals are transferred to the first 876a and the As described above, the four different signal logic levels 
second ECC decoder 8766 in which D Ul is error corrected divided from two, D l and physical levels through 
by a main ECC decoder 877a, by a sub ECC decoder discrimination of the error correction capability between the 
878a, D 2 _i by a main ECC decoder 8776, D 2 . 2 by a sub ECC 15 levels, can be transmitted simultaneously, 
decoder 8786 before ail sent to the summer 37. At the Using the logic multi-level arrangement of the present 
* imm f f four » Di-if Di-2. D 2 .„ and D 2 _ 2 , error invention in accompany with a multi-level construction in 

corrected signals are summed to a signal which is then which at least apart of the original signal is reproduced even 
delivered from the output unit 36. if data in a higher level is lost, digital signal transmission 

Since D w and are higher in the error correction 20 will successfully be executed without losing the advanta- 
capabflity than D 4 . 2 and D M respectively, the error rate geous effect of an analogue signal transmission in which 
remains less than a given value although ON is fairly low transmitting data is gradually decreased as me ON rate 
as shown in HG. 85 and thus, an original signal will be becomes low. 

reproduced successfully. Thanks to tnvto-data image data compression techniques, 

Tlie action of diacrtoinating me error correction capabfl- 25 compressed image data can be transmitted in the logic 
rty between the main ECC decoders 877a, 8776 having high multi-level arrangement for enabling a receiver station to 
code gain and the sub ECC decoders 878a, 8786 having low reproduce a higher quality image than that of an analogue 
code gain will now be described in more detail It is a good system and also, with not sharply but at steps declining the 
idea for having a difference in the error correctmn capahflity signal level for ensuring signal interception in a wider area, 
(ie. code gain) to use in the sub ECC decoder a common 30 The present invention can provide an extra effect of the 
codiiigtechimnie,e.g.R^ 165(6)) or BCH iriulti-layer arrangement which is hardly implemented by a 

method, having a standard code distance and in the main known digital signal transmission system without detedo- 
EOC decoder, another encoding technique in which the rating high quality image data. Furthermore, the ECC 
distance between correction codes is increased using Reed- encoder 743a having high code gain of FIGS. 88, 133, 179 
Solomon codes, their product codes, or other long4engm 35 and 172 transmits, as Ugh priority data D 1 lf the data most 
codes, or Trellis decoders 7A4p t 744a and 744r shown in important for image expansion of HDTV signal, such as 
HQS. 128(4), 128(e) and 1280). A variety of known tech- address data of image segment data, reference image data in 
niqucs for increasing the error correction code distance have the image compression, scramble release data of the 
been Produced and will no more explained. The present descrambkr of FIG. 66, and frame sync signal Meanwhile, 
mvenHon can be associated with any known technique for 40 the ECC decoder 758 of high code gain in the receiver 43 
having the logic multi-level arrangement Purmermore, as receives this data. According to this memod, even if the error 
illustrated in FIGS. 169 and 167, it will be preferable to rate of a signal is increased due to deterioration of the ON 
provide an interleaver 744* in a transmitter and provide ratio, me error rate of the high priority data D, , does no 
deinterieavers 759*, 9366 m a receiver, and uUerieave using increase so muck Therefore, it becomes possible to avoid a 
an interleave table 954 of FBO. 168(a), and decode in a 45 ratal rupture of image peculiar to the digital video signal, 
deiriterleaver RAM 936xin the demterleaver 9366, thereby and an effect of graceful degradation is obtained. The 
realizing a signal transmission robust against the burst error modulator 749 and the demodulator 764 of FIGS. 133 and 
m the transmission systmu^ 179 can bring the effect of graceful degradation to previ- 

The logic muM4evel arrangement will be explained in ously described 16QAM, 32QAM, 4VSB of FIG. 57, 8VSB 
conjunction with a diagram of FIG 89 showing the relation so of FIG. 68, and 8PSK 

between ON and error rate after era l^cnnore,asfflustratedmFIGS. 113 and 156, the high 

the straight line 881 rerresciitsD^attheCmanderrccrate priority dato can be error<nc^ 

relation and the fine 882 represents D t _ 2 at same. me ECC encoder 744a and the Trellis encoder 744* m the 

As the C/N rate of an input signal decreases, the error rate 2nd data stream input 744. On the other hand, the low 
increases after error correction. If ON is lower than a given 55 priority data can be crror^emx)ded with low code gain using 
value, the error rate exceeds a reference value Eth deter- only the ECC encoder 743* Tims, it becomes possible in the 
mined by the system design standards and no original data signal reception to greatly differentiate the error rate 
will normally be recoiistructed When ON is lowered to less between the high priority data and the low priority data. 
^^^ Dl8 ^ f ^ tote "P^^ MC, ^ s ^ b y Trierefore, die high r^oritydato 
fee line 881 of in FIG. 89. When e£ON<d, D,^ of the 60 event of serious deterioration of the ON rate in the trans- 
D l signal exhibits a higher error rate than Eth and wiU not mission system. This is advantageous for an automotive 
^5*°^^ . vemcle TV receiver or the like, whose receiving conditions 

When UN is d at the point 8854, D 1 . 1 having a higher are normally unstable and the ON ratio is bad. Although the 
error correction capability than becomes not higjier in image quality is deteriorated with declining low priority 
the error rate than Bth and can be reproduced. At the time, 65 data, the high priority data can be surely reproduced, 
the error rate of D U2 remains higher than Eth after error Therefore, allocation information of pixel block is repro- 
correction and will no longer be reproduced. duccd and therefore the image is reconstructed without 
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capture, although the reproduced image is deteriorated in the from a conventional digital transmitter 51 and when inter- 
resolution and die ON rate. Thus, the views can enjoy the cepted by the first receiver 23, will be converted to the video 

TV programs. output signal 426 such as a low resolution NTSC TV signal. 

Embodim e nt 3 The first video encoder 401will now be explained in more 

A third embodiment of the present invention will be s detail referring to the block diagram of FIG. 30. An input 

described referring to the relevant drawings. video signal of super high resolution is fed through the input 

FIG. 29 is a schematic total view illustrating the third unit 443 to the divider circuit 404 where it is divided into 
embodiment in the form of a digital TV broadcasting sys- four components by sub-band coding process. In more 
tern. An input video signal 402 of super high resolution TV particular, the input video signal is separated through pass- 
Image is fed to an input unit 403 of a first video encoder 40L to ing a horizontal lowpass filer 451 and a horizontal highpass 
Then, the signal is divided by a divider circuit 404 into three, filter 452 of eg. QMF mode to two, low and high, horizontal 
first, second, and third, data streams which arc transmitted to frequency components which are men subsampled to a half 
a compressing circuit 405 for data compression before of their quantities by two subsamplers 453 and 454 respec- 
further delivered tivery. The low horizontal component is filtered by a vertical 

Similarly, three other input video signals 406, 407, and is lowpass filter 455 and a vertical highpass filter 456 to a low 
408 are fed to a second 409, a third 410, and a fourth video horizontal low vertical component or H L V L signal and a low 
encoder 411 respectively which all are arranged identical in horizontal high vertical component or HjVj, signal respec- 
coustruction to the first video encoder 401 for data com- trvery. The two, H t V t and H t V^ signals are then sup- 
pression, sampled to a half by two subsamplers 457 and 458 respec- 

The four first data streams from their respective encoders 20 tivery and transferred to me compressing circuit 405. 

401, 409, 410, 411 are transferred to a first multiplexer 413 The high horizontal component is filtered by a vertical 

of a offlftipk ac r 412 where mey are lime multiplexed by lowpass filler 459 and a vertical highpass filter 460 to a high 

TDM process to a first data stream multiplex signal which is horizontal low vertical component or H tf V r signal and a 

fed to a transmitter L nigh horizontal high vertical component or H H V H signal 

A part or all of the four second data streams from their 25 respectively. The two, H W V^ and H^V^ signals are then 

respective encoders 401, 409, 410, 411 are transferred to a subsampled to a half by two subsamplers 461 and 462 

second multiplexer 414 of the multiplexer 412 where they respectively and transferred to the compressing circuit 405. 

are time multiplexed to a second data stream multiplex H^V L signal is preferably DCT compressed by a first 

signal which is then fed to the transmitter 1. Also, a part or compressor 471 of the oompressing circuit 405 and fed to a 

all of the four third data streams are transferred to a third 30 first output 472 as the first data stream, 

multiplexer 415 where they are time mnMplexed to a third Also, H^V^ signal is compressed by a second compressor 

data stream mnftipkx signal which is then fed to the 473 and fed to a second output 464. H^V^ signal is 

transmitter 1. compressed by a third comjxessor 463 and fed to the second 

The transmitter 1 perforins modulation of the three data output 464. 

stream signals with its modulator 4 by the same manner as 35 H K V tf signal is divided by a divider 465 into two, high 

described m the fimcmbcdiineatT resolution (H^V^l) and super high resolution (H H Vg£\ 

sent from a transmitter unit 5 through an antenna 6 and an video signals which are then transferred to the second output 

uplink 7 to a transponder 12 of a satellite 10 which in turn 464 and a third output 468 respectively, 

t ransmits it to three different receivers including a first The first video decoder 421 will now be explained in more 

receiver 23. 40 detail referring to FIG. 31. The first data stream or D t signal 

The modulated signal trans mitte d through a downlink 21 of the first receiver 23 is fed through an input unit 501 to a 

is intercepted by a small antenna 22 having a radius r t and A»flffrnnM*r 502 of the first video decoder 421 where ft is 

fed to a first data stream reproducing unit 232 of the first Unscrambled The des<xambkd D x signal is expanded by an 

receiver 23 where its first data stream only is demodulated expander 503 to H L V L which is then fed to an aspect ratio 

The dcmodnlated first data stream is then converted by a first 45 rhangfag circuit 504. Thus, H^V^ signal can be delivered 

video decoder 421 to a traditional 425 or wide-picture NTSC through an output unit 505 as a standard 500, letterbox 

or video output signal 426 of low image resolution. format 507, wide-screen 508, or ridepanel format NTSC 

Also, the mnAq\*tfA signal transmitted through a down- signal 509. The scanning format may be of non-interiace or 

hnk 31 is intercepted by a medium antenna 32 having a interlace type and its NTSC mode lines may be 525 or 

radius r 2 and fed to a first 232 and a second data stream 50 doubled to 1050 by double tracing. When me received signal 

leprodudng unit 233 of a second receiver 33 where its first from the digital transmitter 51 is a digital TV signal of 4 PSK 

and second data streams arc drmodnlated respectively. The mode, it can also be converted by me first receiver 23 and 

derr*>dulated first and second data streams are then summed the first video decoder 421 to a TV mcture. The second video 

and converted by a second video decoder 422 to an HDTV decoder 422 will be explained in more detail referring to the 

or video output signal 427 of high image resolution and/or ss block diagram of FIG. 32. The D t signal of the second 

to the video output signals 425 and 426. receiver 33 is fed through a first input 521 to a first expander 

Also, the modulated signal transmitted through a down- 522 for data expansion and men, transferred to an oversam- 

link 41 is intercepted by a large antenna 42 having a radius pier 523 where it is sampled at 2x. The oversampled signal 

r 3 and fed to a first 232, a second 233, and a third data stream is filtered by a vertical lowpass filter 524 to H^V^. Also, the 

reproducing unit 234 of a mird receiver 43 where its first, 60 V 2 signal of the second receiver 33 is fed through a second 

second, and third data streams are demodulated respectively. input 530 to a divider 531 where it is divided into three 

The d emodulate d first, second, and third data streams are components which are men transferred to a second 532, a 

then summed and converted by a third video deccder 423 to third 533, and a fourth expander 534 respectively for data 

a super HDTV or video output signal 428 of super high expansion, The three expanded components are sampled at 

image resolution for use in a video theater or cinema. The 65 2x by three oversamplers 535, 536, 537 and filtered by a 

video ouhxit signals 425, 426, and 427 can also be repro- vertical highpass 538, a vertical lowpass 539, and a vertical 

duced if desired A common digital TV signal is transmitted high-pass filter 540 respectively. Then, H L V L from the 
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vertical lowpass filter 524 and H^V* from the vertical mitted as U and Ml. Ml which is (has a difference data 

highpassfitoSMaresunmiedty between NTSC and HDTV is assigned to two domains 602 

an oversampler 541, and filtered by a horizontal lowpass and 611 of D 2 . If 1^ is a compressed NTSC component of 
filter 542 to a low frequency horizontal video signal. H„\ L 6 Mbps t Ml is as two times higher as 12 Mbps. Hence, me 

from the vertical lowpass filter 539 and H^l from the 5 totalofU and Ml can Ik demodulated at 18 Mbps withthe 

vertical higbpass filter 540 are summed by an adder 526, second receiver 33 and the second video decoder 423. 

sampled by an oversampler 544, and filtered by a horizontal According to current data compression techniques, HDTV 

highpass filter 545 to a high frequency horizontal video compressed signals can be reproduced at about 15 Mbps. 

signal The two, high and low frequency, horizontal video This allows the data assignment shown in FIG. 35 to enable 

signals are then summed by an adder 543 to a high resolution to simultaneous reproduction of an NTSC and HDTV first 

video signal HD which is farther transmitted through an channel signal However, this assignment allows no second 

output uiiit546asavideooun^547<rfe,g.HI^fccmat channel HDTV signal to be carried. S21 is a descramuing 

If desired a traditional NTSC video output can be recon- data in the HDTV signal A first channel super HDTV signal 

rt ™2^ w * h ^ component comprises LI, Ml, and HI. The difference data 

FKl 33is a block diagram of the third Wdco decoder 423 is HI is assigned to three domains 6*3, 612, and 613 of D 3 If 

in which the D, and D 2 signals arc fed through a first 521 the NTSC signal is 6 Mbps, the super HDTV is carried at as 

and a second input 536 respectively to a high frequency band high is 36 Mbps. When a compressed rate is increased, 

video decoder circuit 527 wherethey arc converted to an HD super HDTV video data of about 2000 scanning line for 

signal by the same manner as above described. The D 3 signal reproduction of a cinema size picture for c ommerc ial use 

is fed through a third input 551 to a super high frequency 2D can be transmitted with an equal manner 

band video decoder circuit 552 where it is expanded, PIG. 36 shows a further data assignment in which HI of 

descrambted, and composed to H^V^ signal. The HD a super HDTV signal is assigned to six times domains. If a 

signal of the high frequency band video decoder ch^ NTSC compressed signal is 6 Mbps, this assignment can 

and me H^V^ signal of the super high frequency band cany as nine times higher as 54 Mbps of D 3 data, 

video decoder circuit 552 are summed by a summer 553 to 25 Accordingly, super HDTV data of higher picture quality can 

a super high resolution TV or S-HD signal which is then be transmitted. 

delivered through an output unit 554 as a super resolution The foregoing data assignment makes the use of one of 

video output 555. two, horizontal and vertical, polarization planes of a trans- 

The action of multiplexing in the multiplexer 412 shown mission wave. When both the horizontal and vertical polar- 
in FIG. 29 will be explained in more detail. FIG. 34 30 ization planes are used, the frequency utilization wfll be 

illustrates a data asirfgnmrnt in which the three, first, second, doubled This wffl be explained below 

and third, data streams D lf D* D 3 contain in a period of T FKI 49 shows a data assignment in which D„ and D„ 

su NTSC channel data LI, L2, L3, L4, L5, L6, six HDTV are a vertical and a horizontal poladzatioo simialrf me first 

channel data Ml, M2, M3, M4, M5, M6 and six S-HDTV data stream respectively, Dy, and D m are a vertical and a 
channel data HI, H2, H3, H4, H5, H6 respectively. In action, 35 horizontal polarization signal of the second data stream 

the NTSC or D x signal data LI to L6 are time multiplexed respectively, and and are a vertical and a horizontal 

by TDM process during the period T. More particularly, polarization signal of the third data stream respectively. The 

H^ofDi is assigned toadomah661fo vertical polarization signal D w of the first data stream 

Then, a difference data Ml between HDTV and NTSC or a carries a low frequency band or NTSC TV data and the 
sum of H^V^ H^V^ and H^V^l is assigned to a domain 40 horizontal polarization signal D m carries a high frequency 

6t2for the first channel. Also, a difference data HI between band or HDTV data. When the first receiver 23 is equipped 

HDTV and super HDTV or H^V^ (See FIG. 36) is with a vertical polarization antenna, it can reprwhice^Mry 

assigned to a domain 663 for the first channel the NTSCsignaL When the first receiver 23 is equ^iped with 

The selection of the first channel TV signal will now be an antenna for both horizontally and vertically polarized 
described. When intercepted by tiie first receiver 23 wim a 45 waves, it can reproduce the HDTV signal tough summing 

small anteniia coupled to uw first vidro U and ML More specifically, the first receiver 23 can 

channel signal is converted to a standard or widescreen provide compatibility between NTSC and HDTV with the 

NTSC TV signal as shown in FIG. 3L When intercepted by use of a particular type antenna. 

thcsecou4rec€ivff33wima FIG, 56 illustrates a TDMA method in which each data 
second video decoder 422, the signal is converted by sum- so burst 721 is accompanied at front a sy^ 

ming LI of the first data stream D x assigned to the domain data 741, Also, a frame sync data 726 is provided at the front 

661 and Ml of the second data stream D 3 assigned to the of a fame. Like channels are assigned to tike time slots. For 

doinam6tt to an HDTV signals example, a first time slot 756 carries NTSC, HDTV, and 

lent in program to the NTSC signal super HDTV data of the first channel simultaneously. The 

When intercepted by the third receiver 43 with a large 55 six time Had 75*, 750a, 7566, 750e, 75*/, 750e are 

antenna coipled to the third video decoder 423, the signal is arranged independent from each other; Hence, each station 

converted by summing LI of D t assigned to the domain 6#L can offer NTSC, HDTV, and/or super HDTV services inde- 

Ml of assigned to the domain 662, and H t of D 3 assigned pendentry of the other stations through selecting a particular 

to me domain 663 to a super HDTV signal of me first channel of the time slots. Also, the first receiver 23 can 
channel equivalent in program to the NTSC signal The 60 reproduce an NTSC signal when equipped with a horizontal 

other channel signals can be reproduced man equal manlier, polarization antenna and both NTSC and HDTV signals 

FIG. 35 shows another data assignment LI of a first when equipped with a compatible polarization antenna. In 

channel NTSC signal is assigned to a first domain 60L The this respect, the second receiver 33 can reproduce a super 

domain 661 which is allocated at the front end of the first HDTV at lower resolution while the third receiver 43 can 
data stream D lf also contains at front a data SU including 65 reproduce a full super HDTV signal According to the third 

adescramhiingdataandmedemom embodiment, a compatible signal transmission system will 

fiie first embodiment A first channel HDTV signal is trans- be constructed. It is understood that the dam assignment is 
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not limited to the burst mode TDMA method shown in FIG. 

50 and another method such as time division multiplexing of _ i , / «5 \ 
continuous signals as shown in PIG. 49 will be employed = T VaT J 
with equal success. Also, a data assignment shown in FIG. 

51 will permit a HDTV signal to be reproduced at high 5 , / 1 55 \ 
resolution. =x «*l \J -y- x " J 

As set forth above, the compatible digital TV signal V N«*+2rt+25 f 

transmission system of the third embodiment can offer three, 2 / 5 - n £ \ 

super HDTV, HDTV, and conventional NTSC, TV broadcast F *** "T^*( 4 yj T) 

services simultaneously. In addition, a video signal inter- 10 

oepted by a commercial station or cinema can be electron- „ / 1 m \ 

bed =-f \J x S " J> - ) 

The modified QAM of the embodiments is now termed as \ N^+^+tf / 
SRQAM and its error rate will be examined. 

First, the error rate in 16 SRQAM will be calculated FIG. 13 FIG. It 1 shows the relation between error rate Pe and 

99 shows a vector diagram of 16 SRQAM signal points. As C/N rate in transmission in which the curve 999 represents 

apparent from the first quadrant, the 16 signal points of a conventional or not modified 32 QAM signal The straight 

standard 16 QAM including 83a, 836, 84a, 83a are allocated line 905 represents a signal having 10"" of the error rate, 

at equal intervals of 26. The curve 991a represents a D l level 32 SRQAM signal of 

Tlic signal rxn^ 83a is spac^ 20 J^^*™^*^ 

«!»#» rwrio ~f *h- MMM u ll Jl 7 ii . - 1- rate of the 32 SRQAM signal is 5 dB lower at me error 

^^tr^u !f 14 rate of 1<T" than that of tnTconventional 32 QAM. This 

^t^^i^iif^L^ ™"***the present invention allows a D 4 signal to be 

Kfl5if Q ^l f^*i^^*2lf* *P«rfucc4 * * given error rate when its Cerate is 
me distance from each axis is n& The shift value n is thus relatively low. 

• ... 25 ^ CUIVC 902a represents a D 2 level SRQAM signal at 

n=L5 which can be reproduced at the error rate of 1CT 1 3 
only when its C/N rate is 25 dB higher than mat of the 
^ • 1 w »A ^ * conventional 32 QAM of me curve 999. Also, the curves 

J^^^V^^^^^^******* 991* and 9926 represent D> and D 3 SRQAM signals at 
84 aiKl 86 respectively. 30 ^2.0 respectively. The curves 992c represents a D 2 

If the error rate of the first data stream is Pe^it is obtained SRQAM signal at n=&5. It is apparent that the ON rate of 
to** the SRQAM signal at the error rate of 10"" is 5 dB, 8 dB, 

and 10 dB higher at n=1.5, Z0, and 25 respectively in the 
p €l _ w aLU -fri 38 \ Di level and 25 dB lower in the D 3 level than mat of a 

4 VVlo/ \YS"^ 35 common 32 QAM signaL 

(Shown in FIG. U3 is the ON rate of the first and second 
nVp \ data streams D lf D 2 of a32 SRQAM signal which is needed 

\"£7~T J for maintaining a constant error rate against variation of the 

shift n. As apparent, when the shift n is more man 0.8, there 
40 is developed a clear difference between two ON rates of 
Also, the error rate Be, of the second daU stream is obtained their respective D t and D 2 levels so that the multi-level 
from: signal, namely first and second da ta, transmission can be 

implemented successfully. In brief, n>0.$5 is essential for 
/ 3 ~» 5 \ multi-level data transmission of the 32 SRQAM signal of me 

p*t*a =-5- afc\ — 2 — 1 43 present invention. 

V ^ 20 / FIG. 182 shows the relation between the ON rate and the 

1 / yr- v error rate for 16 SRQAM signals. The curve 999 represents 

"T«*f u N M a common 16 QAM signal. The curves 991a, 9916, 991c and 

' D t level or first data stream 16 SRQAM signals at n=1.2, 

50 1.5, and 1.8 respectively. The curves 992a, 9926, 992c sre 
The error rate of 36 or 32 SRQAM wfll be calculated. D 2 level or second data stream 16 SRQAM signals at n=L2, 
FIG. 1## is a vector diagram of a 36 SRQAM signal in 1.5, and 1.8 respectively. 

which the distance between any two 36 QAM signal points The ON rate of me first and second data streams D lt D 2 
i* 2 ** of a 16 SRQAM signal is shown in FIG. 194, which is 

The signal point 83a of 36 QAM is spaced 8 from each 55 needed for inajntaining a constant era rate against variation 
axis of the coordinate, It is now assumed that n is a shift of the shift n. As apparent, when the shift n is more than 0.9 
value of the 16 SRQAM. In 36 SRQAM, the signal point (n>0.9), the muld-level data transmission of the 16 SRQAM 
83a is shifted to a signal point 83 where the distance from signal will be executed. 

each axis Is u5. Similarly, me nine 36 QAM signal points in One example of propagation of SRQAM signals of the 
the first quadrant are shifted top 60 present invention wfll now be described fee use wmi a digual 

99, 190, 191 respectively. If a signal point group 99 com- TV terrestrial broadcast service, FIG. 195 shows the relation 
prising the nine signal points is regarded as a single signal between the signal level and the distance between a trans- 
point, the error rate Fe, in reproduction of only the first data mittcr antenna and a receiver antenna in the terrestrial broad 
stream D l with a modified 4 PSK receiver and the error rate cast service. The curve 911 represents a transmitted signal 
Be* in reproduction of the second data stream D 3 after 65 from the transmitter antenna of 1250 feet high. It is assumed 
discriminating the nine signal points of the group 99 from that the error rate essential for reproduction of an applicable 
each other, are obtained respectively from: digital TV signal is 10*". The hatching area 912 represents 
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L^« i SSf i(m * Th L p0l f J? represents a signal Also, die HDTV sendee can be appreciated by only a few 

S^^ ^~T^^ 3 ? QAMsi « ,,a,ataN=15 viewers who afford to have a set cf^oAWT/^dZ 

Zlfcan £ in^^ar I!* ^ a ^ ^ -0 ^PUy, according to the conventional systeTXe 

™. ™ ™ tero ? ,ted "minimum, system of die present invention allows a traditional NTSC 

d«E» £2 ?f tTT" 5 Jf ^« worse receiving con- 5 PAL, or SECAMreceiver to intercept a mediim resol ution 

diuon such as bad weather. If a change in the relevant component of the digital HDTV signal with thcu^of an 

£mS,°£ !? JSrSFS - ?f^ ON ralC ' ^ "SoTdigfcal tnSmaje^^Xers £. 

^°Tf "™Ty wffl hardly be ensured. Also, enjoy the service at less cW and wfll be increased 

gMgraphtod conditions hugely affect the propagation of number. This will encourage the TV broadcast bwbKsTand 

signals and a decrease of about 10 dB at least will be 10 create an extra social benefit. u * uauQlsl o^uxess ana 

unavcJdaNe. Hence, successfwsi^ Furthermore, the signal receivable area for medium re*v 

mfles will never be guaranteed and above all, a digital signal lotion orOTSCTV ^cc^Z^S^Ti^- 

^,^2^ M < ^ 0gUe 5igaaL 11 woaU tion is increased about 36% at n=£* as e^TvStL 

wZS^^^Z"™^^ ~«v=^ system. As the service area niusfcemiXr o? 

^ESSTS^iSj* 8 ^ 15 TV viewers is increased, the TV broadcast business enjoy 

JZS? ■ „^ ¥ SRQAM signal * ^ taveitfioDi an increasing profit This reduces a risk in die development 

^^Pt^,rTt Si0 Jl.. SyStem . U <X)astitutol * of a new digtolTV business which wfll (has been^S 
shown in FIGS. 133 and 137. This permits a low resolution to put into practice. eiicourag 

SSrt^fJlS leV t!Z "I *■ 11 *?» m lt7 * OWS * e **vice «ea of a 32 SRQAM signal 
a »Ef™ TV data of e.g. NTSC » of the present Invention in which the same effect wflTbe 

fr^T „~ ° n ^Jt^ff ^ 80,1 * ^ «^«^lATwoservice^7t3a^rfD 1 aSD! 

reZ^°S r? 1^7 t^K^r 1 ^ ™ ^ « * «» extension ^ 

12£i2££%:2£S&* ^* tvi «««» rffl « opd^sigixalprcpagarioabyvaryiiigthe^nconsid- 

n2e^rS2,l^f SRQAM^isfacrearedto.70 ering a profile of HDTV and NTSC receiver distribution or 
S* s nr< M ^J^e<rf*e^ ^ *eam remains 2s geographical features. Accordingly, TV viewers wfll satisfy 

within a 55 mile point 9 lte, as shown in FIG. US. FIG. 1« the service and a supplier station wfll enjoy amlrimmTof 

mustrateaacoo^tersinuJatmnresuhofmese viewers. maximum ot 

^Jl^^i^ °f I^.P^^ntion, which is This advantage is given when: 

similar to FH3. 53 but explains in more detail As shown, the 

regions 7*8, 703c, 7i3a, 7*3i>,712 represent a conventional so ^ lJ0 

32 QAM receivable area, a 1-1 data level D, , receivable 

area, a 1-2 data level D,., receivable area, a second data 32 ^V** 1 ^ « selected, me shift n is 

level D 2 receivable area, and a service area of a neighbor «*«ninedby: 

analogue TV station respectively. The conventional 32 

QAM signal data used in this drawing is based on a 35 uws 

conventionally disclosed one. 

For common 32 QAM signal the 60-mfle-radius service Also, if the 16 SRQAM signal is employed, n is determined 
area can be established theoretically. The signal level wfll 
however be attenuated by geographical or weather condi- 
tions and particularly, considerably declined at near me limit 40 1< * <3 

° f K*k S f , ^f C ^ Ca " ^ , In the SRQAM mode signal terrestrial broadcast service 

JL^^J^T,!- 3 : ^ VL 00m P° nent H"* 11 mwhkhfce first and ^dautvels^e^amd^ 
grade is carried an tbe 1-1 level D,_, data and the medium shifting ccarespondlng dgnal points as shown In HQS. » 

mrw ^ £f h f ^TT* ^ TVc ™ a P°<"** <* « when the shift n in a 16, 32, or 64 SRQAM signal is more 
HOTV on the second level D 2 data, the service area of (he than 1.0. 

32 SRQAM signal of the rarsent invention is increased by In the above ennxxiiments, the low and high ftequency 
Z^^J^^^J an HDTV signal of ba* comets of avideo signal am trans^ 
^T^^t^u^ 18 f0r laxp6 ° n * " "<«^nd dam stream H^er, the transrrntt^ 
LDTV signal rf kwi^ongtanealilK«ghdocreasedby so maybe an audio signal In this case low fie^^or low 
5mfles ^ reception of anHDTV signal of high resolution resolution compooemTof an «dfcs1gn7n^^smiS 
grade, as shown in FIG. 1*6. FIG. 1*7 shows a service area as the first dam^eam, and high fi^ToThS^otoh 

^^e^n1w?, ,l 4 3r ^ Fiai354b0WS * e ^ ccmponents^me audio^l^I^ansnmSs 
^Z^L rfHG. Win terns of «». the reconddato stream. According it ispossibfc to receive 

*%T£?Zr? y '-^ m °J Ji '? 1 resolution "ardent of a 55 high portion m high s«md quality, ai^d]^ 
digitel TV broadcast signal of the SRQAM mode of the inlow sound 00^^ can beSdin PCMl3£as? 

vma^ser^ region or s^dow area wtiere a conventional broadcasting area or communication distance lan be 

^^T^^V^J' btt ^ St0p ^ >cdad «^^«mm-red with me conventioaT^stemT 

ma^seryte area, die msc TV signal of me SRQAM division inidth^exing (TDM) system as shown inFIG 133L 

^tZ^T^ * ^ W rCCdver - ^ Utilization of^ TOM niate fepossmteto increase tte 

^.^^^^^T^^^ d0IX:<lbybuildin « number of wbcliamiels. An F^e^T^^nTECC 

toicones and ofter obstacles or by interference of a neigh- encoder 743*, provided in two subchannels, dtferentiate' 

EL^T ™ < ^ Ml ™ ? <Xto0ed h,lwIull> « ECCeodegm^ Tso as to nnto a different be^eeTmre*^ 
dMmaWtoamm^TVviewmorrebscribers wfllbe olds of mere two subchannels. Whereby, an maeasTof 
mcreaseo m amnoer. channel number of the multi-level signal transmission can be 
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realized. In this case.it is also possible to provide two Trellis amount as shaded in the drawing, cannot be received in such 
encoders 743a, 7436 as shown in FIG. 137 and differentiate a case and only die first signal 720a, having a small 
their code gains. The explanation of this block diagram is information amount , is received. Consequently, a picture 
substantially identical to (hat of later described block <fia~ quality brought by the second level will be extremely worse, 
gram of FIG. 131 which shows the sixth embodiment of the 5 However, the present invention resolves this problem- 
present invention and, therefore, will not be described here. According to the present invention, the first signal 72* is 
HG. 131 is a block diagram showing a magnetic given by 32 SRQAM mode which is obtained through 
recording/reproducing apparatus, while FIG. 137 is a block C-CDM modulation so that the subchannel A is divided into 
diagram showing a communication system. It will be under- two subchannels 1 of A and 2 of A. The newly added 
stood that these block diagrams are identical with each other to subchannel 1 of A, having a lowest threshold value, carries 
if the up converter of the tran sm itte r and the down converter a low resolution component The second signal 721 is also 
of the receiver in the c ommunic a ti on system are replaced by given by 32 SRQAM mode, and a threshold value for the 
the ma g netic head recording signal amplifier circuit and the subchannel 1 of B is equalized with the threshold 2. 
magnetic head reproducing signal amplifier circuit in Che Waft mis arrangement, the region in which a transmitted 
magnetic record/reproducing apparatus. Accordingly, con- 15 signal is not received when the signal level decreases below 
struction and operation of the modulator and the demodu- the threshold 2 is reduced to a shaded portion of the second 
lator are equivalent between these two diagrams. In the same signal 721a in FIG. Ift8. As the subchannel 1 of B and the 
manner, the magnetic recordmgteproducing system of FIG. subchannel A are both receivable, the transmission amount 
84 is substantially identical with the communication system is not so much reduced in totaL Accordingly, a better picture 
of FIG. 156. The circuit of FIG. 157 win be used if 20 quality is reproduced even in me second level at the signal 
simplification of construction is required, and the circuit of level of the threshold 2. 

FIG. 158 will be used if the simplification is further By transmitting a normal resolution component in one 
requested. subchannel, it becomes possible to increase the number of 

In a simulation of FIG. 146, there is provided 5 dB mnlnple level and expand a low resolution service area. This 
difference of a coding gain between 1-1 subchannel and 25 low-threshold subchannel is utilized for transmitting mmor- 
1-2 subchannel tant information such as sound information, sync 

An SRQAM is the system applying a C-CDM information, headers of respective data, because these infer- 
<ConsteUation-Code Division Multiplex) of the present mation carried on this low-threshold subchannel can be 
invention to a rcctangle-QAM A C-CDM, which is a surely received. Thus stable reception is feasible, ff a 
multipl e xin g method independent of TDM or FDM, can 30 subchannel is newly added in the second signal 721 in the 
obtain subchannels by dividing a constellation-code corre- same manner, the level nanber of multi-level transmission 
spending to a code, An increase of the number of codes will can be Increased in the service area. In the case where an 
bring an expansio n of transmission capacity, which is not HDTV signal has 1050 scanning lines, an new service area 
attained by TDM or FDM alone, while maintaining almost equivalent to 775 lines can be provided in addition to 525 
perfect compatibility with conventional communication 35 lines. 

apparatus. Thus C-CDM can bring excellent effects. Accordingly, the condonation of the FDM and the 

Although above embodiment combines the C-CDM and C-CDM realizes an increase of service area. Although above 
me TDM, it is also possible to combine the C-CDM with the embodiment divides a subchannel into two, it is needless to 
FDM (Frequency Division Multiplex) to obtain similar say it win also be preferable to divide it into three or more, 
modulation effect of threshold values. Such a system can be 40 Next, a method of avoiding obstruction by combining the 
used for a TV broadcasting, and FIG. 1*8 mows a frequency TDM and the C-CDM will be explained. As shown in PEG. 
distribution of a TV signaL A spectrum 725 represents a 1#9, an analogue TV signal includes a horizontal retrace line 
frequency distribution of a conventional analogue, eg. portion 732 and a video signal portion 731. This method 
NTSC, broadcasting signal. The largest signal is a video utilizes a low signal level of the horizontal retrace line 
carrier 722. A color carrier 723 and a sound carrier 724 are 45 portion 732 and non-display of obstruction on a picture 
not so large. There is known a method of using an FDM for pisne during this period. By synchronizing a digital TV 
dividing a digital broadcasting signal into two frequencies. signal with an analogue TV signal, horizontal retrace line 
In this case, a carrier is divided into a first carrier 72* and sync slots 733, 733a of the horizontal retrace line portion 
a second carrier 727 to transmit a first 72t and a second 732 can be used for transmission of an irnrxa^ant, e.g. a sync, 
signal 721 respectively. An interference can be lowered by 50 signal or numerous data at a high output levcL Urns, it 
placing first and second carriers 726, 727 sufficiently far becomes possible to increase data amount or output level 
from the video carrier 722. The first signal 72ft serves to without inuring obstruction. The similar effect wul be 
transmit a low resolution TV signal at a large output level, expected even if vertical retrace line syiic slots 737, 737a are 
while the second signal 721 serves to transmit a high provided synchronously with vertical retrace line portions 
resolution TV signal at a small output level Consequently, 55 735, 735a. 

the nudnUcvel signal tran sm i ssion malting use of an FDM FK3. lift shows a principle of the C-CDM. Furthermore, 
can be realized without being bothered by obstruction. FIG. Ill shows a code «*gig«m-nt of the C-CDM equivalent 

FIG. 134 shows an example of a conventional method to an expanded 16 QAM. HQ. 112 shows a code assignment 
using a 32 QAM system, As the subchannel A has a larger of the C-CDM equivalent to an expanded 32 QAM. As 
output than the subchannel B, a threshold value for the eo shown in FIGS. Uft and 111, a 256 QAM signal is divided 
subchannel A*Le.a threshold 1, can be set small 4~5 dB than into four; 74fta, 74ft*, 740c, 74*/, levels which have 4, 16, 
a threshold value for the subchannel B, La a threshold 2. 64, 256 segments, respectively. A signal code word 7424 of 
Accordingly, a two-level broadcasting having 4*5 dB thresh- 256 QAM on the fourth level 74%d is M l 111 11 11" of 8 bit 
old difference can be realized. In this case, however, a large This is split into four code words 741a, 7415, 741c, and 
reduction of signal reception amount will occur if the 63 74U of 2-Wt - - - Le. M U", "ll", "ll", M ll w , which are then 
receiving signal level decreases below the threshold Z allocated on signal point regions 742a, 742b, 742c, 742d of 
Because the second signal 721a, having a large information first, second, third, fourth levels 744a, 140b, 740c, 7464, 
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respertivdy As a result, subchannels 1, 2, 3, 4 of 2 hit arc a receiver is located for from the transmitter, the level of a 
created. This is termed as C-CDM (Constellation-Code received signal is low. Particularly, a common multi-level 
IXvision Mtu^dex) FIG. Ill shows a detailed code assign- QAM signal can hardly be demodulated by the receiver 
meut of the C-CDM equivalent to expanded 16 QAM , and which thus reproduces no TV program. 
FIG. 112 shows a detailed code assignment of the C-CDM 5 Tbe signal transmission system of the present invention 
equivalent to expanded 32 QAM. As the C-CDM is an allows the first receiver 23 cqwpped with the antenna 22a, 
independent multiplexing method, it can be combined with which is located at a far distance as shown in FIG. 37 to 
the conventional FDM (Frequency Division Multiplex) or Intercept a modified 16 or 64 QAM signal and demodulate 
TDM (Time Division Multiplex) to further increase the at 4 PSK mode the first data stream or D A component of the 
number of subchannels. In this manner, the C-CDM method 10 received signal to an NTSC video signal so mat a TV 
realizes a novel multiplexing system. Although the C-CDM program picture of medium resolution can be displayed even 
is explained by using rectangle QAM, other modulation if the level of the received signal is relatively low. 
system having signal points, eg. QAM, PSK, ASK, and Also ' sccond receiver 33 with die antenna 32a is 
even FSK if frequency regions are regarded as signal points located * a mcdium Stance from the antenna 6o and can 
can be also used for tins nniltiplexing in the same manner. ,< ^intercept and denwdu^ 

For example, the error rate of the subchannel 1 of RFS- sjreains or D i and D 2 components of the modified 16 or 64 
APSK, explained m me embodunem %™ ^JLJ? HDTV video signal which in turn 

FIG. m^mbc expressed as follow prices an HDTV program ricture. 

1 «4»*3*» louow: The third receiver 43 with the antenna 42a is located at a 

(near distance and can intercept and the first, 

J£lli>M 20 second, and third data streams or D 4 , D* and D 3 compo- 

MTa } nents of the modified 16 or 64 QAM signal to a super HDTV 

video signal which in turn produces a super HDTV picture 
The error rate of tbe subchannel 2 is expressed as follows* * miality to a common movie picture. 

^wwunsiauows. The assignment of frequencies is detconinedby the same 
y s • v 25 manner as of the time division multiplexing shown in FIGS. 

/W-^ 34, 35, and 36. like FIG. 34, when the frequencies are 

assigned t first to sixth channels, LI of the D, component 
rf m ^ carries an NTSC data of the first channel, Ml of the D2 

Ak£^^ « HDTV difference data of the first 

APSK (PS^), explained with reference to FK}. 142, wffl 30 channel, and HI of the D 3 component carries a super HHTV 
be expressed as follow: difference data of the first channel Accordingly, NTSC 

HDTV, and super HDTV data all can be carried on the same 
- 1 5 \ 1 ^ ( flb+i)S \ channel, ff D 2 and D 3 of the other channels are utilized as 

T VVToj T I Via I shown in FIGS. 35 and 36, more data of HDTV and super 

x ' 55 HDTV respectively can be transmitted for higher resolution 

\A ffl^DS \ 1 A (Si+fe+l)6 \ <*M*y. 

T^l \rr pT^I vfr I As tmderstood, the system allows mree different but 

v 1 \ 1 * 0 / compatible digital TV signals to be carried on a single 

channel or using D 2 and D 3 regions of other channels. Also, 
The error rate of the subchannel 2 is expressed as follows: 40 the medium resolution TV picture data of each channel can 

(be intercepted in a wider service area according to the 
present invention. 
20 ' A variety of terrestrial digital TV broadcast systems 

1 /(Si-5b)5 \ 1 /<Si+&)5 \ cnmloying a 16 QAM HDTV signal of 4 MHz bandwidth 
T**\ — 55 — J + T**l — 35 — J 45 **** bcta FrcP 0 ** Tnosc are however not compatible with 

the existing NTSC system and thus, have to be associated 

, x 16 QAM signal limits a service area. The terrestrial service 

P+*>=Y**{ -fr) 50 WStonLaftbcvcc&cut invention allows a receiver located at 

a relatively far distance to intercept successfully a medium 

_ resolution TV sigiial wim no use of ^ 

™*»dunent 4 an channel. 

Afourth embodiment of the present invention wfll be FIG. 52 shows an interference region of the service area 

described referring to the relevant drawings. 55 7« of a conventional terrestrial digital HDIY broadcast 

FK1 37 fflustrates the entire arrangement of a signal station 74L As shown, the service area 742 of the conven- 

transnusswn system of the fourth embodiment, which is tional HDTV station 741 is intersected wim tbe service area 

arranged for terrestrial service and similar in both construe- 712 of a neighbor analogue TV station 711 At the inter- 

tk» and action to that of the third embodiment shown in setting region 713, an HDTV signal is attenuated by signal 

™1 Tne Terence is that the transrnitter antenna 6 is 60 interference from the analogue TV station 711 and will thus 

replaced wim a terrestrial antenna 6a and the receiver be intercepted with less consistency 

ln ! C,maa 3 ^ r< ? )laccd wim also three terrestrial FK). S3 shows an interference region associated with the 

antennas 22a, 23a, 24*. The action of the system is identical mum-kvel signal transmission system of me present inven- 

rf If entodiment and will no more be tion. The system is low in the energy utilization as compared 

explained. The terrestrial broadcast service unlike a satellite 65 with a conventional system and its service area 743 for 

service depends much on the distance between the trans- fflHVsigiial propagation is smaller than the area 742 of the 

inuteranteiuia 6a to me receiver antenna If conventional system. In contrary, the service area 764 for 
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digital NTSC or medium resolution TV signal propagation conventional system. However, the lower resolution or 
Is larger than the conventional area 702. The level of signal NTSC TV signal receivable area 7*4 will be increased as 
interference from a digital TV station 701 of the system to compared with the conventional system. The hatching area 
a neighbor analogue TV station 711 is equivalent to that represents a region where the NTSC level signal of a 
from a conventional digital TV station, such as shown in 5 program can be received while the HDTV signal of the same 
HG &> is hardly intercepted. At the first interference region 7*5, 

In the service area of the digital TV station 701, there are both HDTV and NTSC signals cann ot be intercepted due to 
three interference regions developed by signal interference signal interference from an analogue station 711. 
from the analogue TV station 711. Both HDTV and NTSC When the level of signals is equal, the multi-level trans- 
signals can hardly be intercepted in the first region 705. to mission system of the present invention provides a smaller 
Although fairly interfered, an NTSC signal may be inter- HDTV service area and a greater NTSC service area for 
cepted at an equal level in the second region 706 denoted by interception of an HDTV program at an NTSC signal level 
(he left down hatching. The NTSC signal is carried on the Accordingly, the overall service area of each station is 
first data stream which can be reproduced at a relatively low increased and more viewers can enjoy its TV broadcasting 
C/N rate and will thus be minimum affected when the CZN 15 service. Furthermore, HDTV/NTSC compatible TV busi- 
rate is declined by signal interference from the analogue TV ness can be operated with economical advantages and con- 
station 711. sistency. It is also Intended that the level of a transmitting 

At the third region 707 denoted by the right down signal is increased when the control on averting signal 
hatching, an HDTV signal can also be intercepted when interference to neighbor analogue TV stations is lessened 
signal interference is absent while the NTSC signal can 20 corresp«idiiig to a sharp increase in the number of homc^use 
constantly be intercepted at a low level digital receivers. Hence, the service area of HDTV signals 

Accordingly, the overall signal receivable area of the win be increased and in this respect, the two different 
system will be increased although the service area of HDTV regions for interception of HDTV/NTSC and NTSC digital 
signals becomes a little bit smaller than that of the couven- TV signal levels respectively, shown in FIG. 55, can be 
tional system. Also, at the signal attenuating regions pro- 25 adjusted m proportion by varying the signd point distance in 
duced by interference from a neighbor analogue TV station, the first and/or second data stream As the first data stream 
NTSC level signals of an HDTV program can successfully carries information about the signal point distance, a multi- 
be intercepted as compared with the conventional system level signal can be received with more certainty, 
where no HDTV program is viewed in the same area. The FIG. 56 illustrates signal interference between two digital 
system of the present invention much reduces the size of 30 TV stations in which a neighbor TV station 701a also 
signal a ttenuating area and when increases the energy of provides a-mgital TV broadcast service, as compared with 
signal transmission at a transmitter or transponder station, an analogue station in FIG. 51 Since the level of a trans- 
can extend the HDTV signal service area to an equal size to mining signal becomes high, the HDTV service or high 
me conventional system. Also, NTSC level signals of a TV resolution TV signal receivable area 703 in increased to an 
program can be intercepted more or less in a far distance 35 extension equal to the service area 702 of an analogue TV 
area where 00 service is given by me conventional system or system. 

a signal interference area caused by an adjacent analogue TV At the intersecting region 714 between two service areas 
station. of their respective stations, the received signal can be 

Although the embodiment employs a two-level signal reproduced not to an HDTV level picture with the use of a 
tra nsmissio n method, a three-level method such as shown in 40 common <mxctional antenna due to signal interference but to 
FIG. 78 will be used with equal success. If an HDTV signal an NTSC level picture with « particular «m»nni 
is divided into three picture levcls-HDTV, NTC, and low directed towards a desired TV station.^ a highly dfoctkwid 
resolution NTSC, the service area shown in FIG. 53 will be antenna is used, the received signal from a target station win 
increased from two levels to three levels where the signal be reproduced to an HDTV picture. The low resolution 
propagation is extended radially and outwardly. Also, low 45 signal receivable area 704 is increased larger than the 
resolution NTSC signals can be received at an acceptable analogue TV system service area 702 and a couple of 
level at the first signal iiiterference region 705 where NTSC intersecting regions 715, 716 developed by the two low 
signals are hardly be intercepted in the two-level system. As resolution signal receivable areas 704 and 704a of their 
understood, the signal Interference is also involved from a respective digital TV stations 701 and 701* permit the 
digital TV station to an analogue TV station. » received signal from antenna directed one of the two stations 

The description will now be continued, provided that no to be reproduced to an NTSC level picture, 
digital TV station should cause a signal interference to any The HDTV service area of the multi-level signal trans- 
neighbor analogue TV station. According to a novel system mission system of the present invention itself will be much 
under consideration in U.SLA, no-use channels of the exist- increased when appbcaHe signal restriction rules are with- 
ing service channels are utilized for HDTV and thus, digital ss drawn in a coming digital TV broadcast service maturity 
signals must not interfere with analogue signals. For the time. 

purpose, the transmitting level of a digital signal has to be At the time, the system of me present invention also 
decreased lower than that shown in FIG. 53. If the digital provides as a wide HDTV signal receivable area as of the 
signal is of conventional 16 QAM or 4 PSK mode, its HDTV conventional system and particularly, allows its transmitting 
service area 708 becomes decreased as the signal interfer- 60 signal to be reproduced at an NTSC level in a further 
ence region 713 denoted by the cross hatching is fairly large distance or ^^owing where TV signals of the 
as shown in FIG. 54. This results in a less number of viewers conventional system are hardly intercepted. Accordingly, 
and sponsors, whereby such a digital system will have much signal attenuating or shadow regions in the service area win 
difficulty to operate for profitable business. be minimized 

FIG. 55 shows a similar result according to the system of 65 Embodiment 5 
the present invention. As apparent, die HDTV signal receiv- A firm embodiment of me present invention resides in 
able 703 is a little bit smaller man the equal area 708 of the amplitude modulation or ASK procedure. FIG. 57 illustrates 
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iTvffiZj XtL^^SS FIG. 61 is a Mode diagrun of a transnntter 74 1 in which 

four^^rS^ ^Tl^^ . nd 7^ " ^ ™ comprises a first data stream input 743 and 

Pir. rf!— L^^ViS I/?* • andm « second data stream input 744. A carrier wave from a carrier 

2Lt£?£T «f consteUation of the 8-value VSB generator 64 is amplio.de modulated by a ZSoatSZ 

2^SrS^!^^ a l*^! 0be 5 Scnerate 4- or 8^SK signal as shownin FK^^) using 

SSSL^S.S^.ff 1 ^ WhU !-^ d ^ t " 1 f reI <"» i*P«t signal fed across a processor 74S from thetapuZf 

^^InT^^^ aSSUmeA ^ ,bet0Ut 7 «- Hie modulated 4- or signal is then tandCd 

WOL^f 11 ^SS^^ST"* Ptt>aaS " band P ass ^ 747 u, , vestgd side tWhaXga 

00, 01, 10, 11 respectively, for 4-VSB. side band with a slight residual «£fer as shown in FIO 

For case of four-level sigaal transmission of the to 62(b)— ta ASK signal ofeT VsTmode X* a™ 

7M T^t "V? °™ 58, the two signal TV waveform ofihVASK sigaal after filtering wfll aow 
mlZ L^ J^^f a ^ ^ P°- 1 be examined. FIG. 62(a) showH fr^ncy^umofT 

*Ldt£t ^ ™ ' h^I*" 45 8 ^ ASKmoo^signalm which tw^Metond^ZS 

signal point group 726. The distance between the two signal u on both sides of thecmrier ftw.^ u. ™1 IL J£l\?T 
Pomt groups 725 U d726 is men determmed wider thaX ^TSSSS^il : 

SS^f rjatf J?" 1 ^ M<W ,pedficaUy ' * M| 749 w^^^^poILas^ in 
^Sb!!^ I? "* 723 " HG. 62<*). The signal 749 is a andTthe 

?E ^ T^TT^^f ^ ***** ""^^ frequency^ «nd is lo, wTbeTnsi in a 
pomts 721 and 722 or 723 and 724. This is expressed as: 20 frequency band of about W2. Hence, the fre^y^ilL 

Hon becomes high. Using VSB mode transmission, the ASK 

SKK. t^Tl « *^^«*odimentis however of 16 QAM mode at four bits per symbol f«4 VSB ciaS 
« .S^I^d^.^ 0 f teffi P° raril y 25 of 32 QAM mode at five bits for g 

ZZZT^ d ? >cn *?« 00 requirements of design, FIG. 63 is a block diagram^ aVSB re^verTCl in 

12* ^LT5L Dl ' M * h0Wn fa ""O- 59 < a )- More 30 controlled by channdsdecticc toVk^r^Z^ fr7 
P«tu^, a bit »rf binary astern is assigned to the first quency «i TOedg^faL the mte 

ffi™^!^^* 1 ^^^ bTTdetecjTSS^^S bf« lSl£s£. 

P^ g^ 726. Tben, a one-bU pattern of the second data baseband signal which is tiansfened *T tASlw 

H S^^l ^ Dz=1 - ^ "I"*"*" circuit 757reprodnces two. first i^nZcond 

^S^^^t Pa 7!S b6L ^ D 2 . data streams from the baseband signal and tran«ni^n 

The muto^ signal transmissi<» of the present fiH^ttaoughalta7S«sjidasec^dXstte«n^ 

^CMbennpletnentodinanASKmodewiththeiiseofme 759 respective* ^ 

£^S^" Sdg ^^^ rf ^ pre ^ 40 1116 transmission of a TV signal using such a transmitter 
invention works in the same manner as of a conventional andarecdva wiU be cmUmed^^ 

Sra^Sratn^t^^ * <* ^^^S^T^SSSSZ 

notsenao or ON rate is Hgh-ff the ON rate becomes low TV signal. e .g. an HIWV signal U fed *™~^--Z-!Z-L 

^^r^!r T r^J yS ^. e ™ aC * Ic f° <bKaoa rf « w^aisdividediiUofourliigMowl^^ 
first data stream D, bat not the second data stream Dj. In components denoted by e (Ta V HV H v 

m^de^festateatal^CWissbc^mna^c B^TOs Uentfcrf tomS of ShWe^bS 

S nStt^T f^fJ °^ V i B ' ^ n^Wiously descCSrrS r^aJ^^t 
pouts tt^t^aredi^laced by a Gaussian dtstribation more be cxpiainedmdetaiLTbefoiseo^^^X^ 
tot«jges721tf.722o,723a, Tafcrespectivety at the receiver 50 «K«led^eXZlby. cnmSZ^ZhJTt^ 
side due to noise and transmission distortioo. Therefore, the Tm^rJ^^^iJL u,. T 1 ? 

h^2cr two sign^ 723^724 by the sUc^leVeldwill cotnpSi, oSJ T^^^^^JtTn^ 
nardly be rae cuted. other words, the error rate in the 4W^e«S«^S ^SSn^to a^SSerTO 
^Mnd doti stream D 2 will be increased. As apparent from 55 to two, firTandscSlTs^e^D W 
?^'^ tW ° ^ ^ 721 > 7 22 «e easily distin- frequencT^sW^onroLS^ v' ri™!^^ 
gu^ed fromme other two dgnd points 723, 724. The taSeTta meUSi S t&L^S ~ 
dwtmdion between the two signal point groups 725 and 726 signals D D snth^J^Z^ . £L™ a stream 

totted sh^nltaneously. More pa^cularry.td, ^^J^^tJ^T^ ^ * 

n^n^f^T^,? 1 , U , <1 ° 3 rf a »ven signal FIG. 65 is a block diagram of a TV receiver for such a 

^^^t^ m T^ t ^ miSSl0aSyS,emaa dighal TV broadcast sy^ATV broadc^s^7 5 uT« 

bcreproW at the area where fteCW rate ^ « 4 VSB or 8 VSB, intercepted by a terestdal St" 

^^w^^ tercP ^ £nthCareaW * Cre - 752^S;^rT^^7 k 3 tn 

low. transferred to a VSB detecuoo/demodulation circuit 764 
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wbcrc a desired channel signal is selected and demodulated level signal and will widely be accepted in the market In 

to two, first and second, data streams D„ D 2 which arc then brief, the receiver can be used as an adapter tuner for 

fed to a first 758 and a second data stream output 759 interception of a digital TV signal with giving no modifi- 

respectively. The action in the receiver unit 751 is similar to cation to the existing TV system including a display. By me 

that described previously and will no more be explained in 5 way, in the case where the scrarnHed 4 VSB or 8 VSB signal 

detail. The two data streams D t , D 2 are sent to a divider unit & received as shown in FIG. 66, the scramble release signal 

776 in which D, is divided by a divider 777 into two transmitted by the 4 VSB or 8 VBS signal is collated with 

components; one or compressed H^V £ is transferred to a first mc munbcr °* toe descramble number memory 502c in the 

input 521 of a second video decoder 422 and the other is fed descrambler 502 by the descramble number checker 5026. 

to a summer 778 where it is summed with D, prior to to Only when the scramble release signal is identical with the 

transfer to a second input 531 of the second video encoder Dumb ?[ dc *^ unbk nu P bcr 

42L Corniest* ^^^JJ^J^^ *" * 

USSSHSX V? < 2£E* KL* ^^^^^ a further arrangement 

original length which fa then tnmsferred to a vnieo mixer shown in FIG. 67, which serves as both a satem^broadcast 
^andanaspectradoc^^ ,5 for daD ^ ti<xl of 1^ sigiiaU and a teneslrial 

TV signal is an HDTV signal, H L V L represents a wide- broadcast receiver for demodulation^ of VSB signals. In 
screen NTSC signal When the same is an NTSC signal action, a PSK signal received by a satellite antomV32 is 
BjVl represents a lower resolution video signal, e.g. mixed by a mixer 786 with a signal from an oscillator 787 
MPEGI, that an NTSC leva to a low frequency signal which is men fed through an input 

The input TV signal of the ernbodiment is an HDTV 20 unit 34 to a mixer 753 similar to one shown in FIG. 63. The 
signal and H^V^ becomes a wide-screen NTSC signal If the low frequency signal of PSK or QAM mode in a given 
aspect ratio of an available display is 16:9, B L W L is directly channel of the satellite TV system is transferred to a modu- 
delivered through an output unit as a 16:9 video output 426. l&tor 35 where two data streams Dj and D a are reproduced 
IT die display has an aspect ratio of 4:3, H^V^ is shifted by from the signal. D t and D 2 are sent through a divider 788 to 
the aspect ratio «*»ng i'n g circuit 779 to a letterbox or 25 a second video decoder 422 where they are converted to a 
sidepanel format and then, delivered from the output unit video signal which is then delivered from an output unit 780. 
784 as a corresponding format video output 421 Also, a digital or analogue terrestrial TV signal intercepted 

The second data stream D 2 fed from the second data * toestrial antenna 32a is f cd through an iiqwi unit 752 
stream output 759 to the surnmer TO fa surma* wim n^ Jo the mixer 753 where one A^ cnaruid is selected by 
output of the dividermtoasu^ so i^^"™** "k^^,^/ ^"f ^^^^1 

to me second input 531 of the sec^video decoder 421 Sl^S^l^^ 
Tbe««m«smalTfarth^ ll^?^£^r^^ 

^ U ^£? ^^^^^^ m arertr^o^fromtte aignaL D, and D, are converted^ 
to a second p5, a third 536, and a fourth expander 537 35 the second video decoder 422 to a vi^ 
itamcctrvely for converting by expansion to delivered further. A satellite analogue TVdgnal is trans- 

™ H fr v w of the original length. The three signals are f erred to a video demodulator 788 where it is AN modulated 
summed with H L V^ by the video mixer 548 to a composite to an analogue video signal which is then dcHvered from the 
HDTV signal which is fed through an output 546 of the output unit 78*. As understood, the mixer 753 of the TV 
second video decoder to the output unit 786. Finally, the 40 receiver 781 shown in FIG. 67 is arranged compatible 
HDTV signal is delivered from the output unit 789 as an between two, satellite and terrestrial, broadcast services. 
HDTV video signal 427. Also , a receiver circuit including a detector 755 and an LPF 

The cutout unit 784 is arranged for detecting an error rate 756 for AM modulation of an analogue signal can be utilized 
in the second data stream of the second data stream output cornpatihle with a digital ASK signal of the terrestrial TV 
759 through an error rate detector 782 and if the error rate 45 service. The major part of me arrangement shown in FIG. 67 
is continuously high during a predetermined time, delivering is arranged for compatible me, thus minimizing a c teritr y 
HjV L of low resolution video data systematically for a construction. 

prcdetennined time. According to the embodiment, a 4-lcvel ASK signal is 

Accordingly, the multi-level signal transmission system divided into two, D, and Dj, level components for execution 
for digital TV signal transmission and reception becomes so of the one-bit mode multi-level signal transmission. If an 
feasible. For example, if a TV signal transmitter station is 8-level ASK signal— Le. 8-level VSB — is used as shown in 
near; bom the first and second data streams of a received the constellation diagram of 8- VSB signal of FIGS. 68(a) 
signal can successfully be reproduced to exhibit an HDTV and 68(o), it can be transmitted in a total of three bits per 
quality picture. If the transmitter station is far, the first data symbol multi-level transmission, each bit corresponding to 
stream can be reproduced to VL£T L which is converted to a 55 each of three-level, D lf and D 3 , arrangement First of all, 
k>wrtawuitk>nTVpkture. Hence, any TV program will be a method of coding the first bit will be explained. As shown 
intercepted in a wider area and disp%cd at a rdcturec^ty in FIG. 68(a), D t is assigned to eight signal points 721a, 
ranging from HDTV to NTSC leveL 7216, 722a, 722b t 723a, 7236, 724a, 7246, each pair rep- 

FKJ. 66 is a block diagram showing another arrangement resenting a two-hit pattern. Next, for coding of the second 
of the TV receiver. As shown, the receiver unit 751 contains 60 bit, D 2 is assigned to four small signal point groups 721, 722, 
only a first data stream cu tout 768 and thus, the processing 723, 724, each two groups representing a two-bit pattern, 
of the second data stream or HDTV data is not needed so that and D 3 is assigned to two large signal point groups 725 and 
me overall construction can be minimized It is a good idea 726 representing a two-hit pattern. More parttatoiy, this fa 
to have the first video decoder 421 shown in HO. 31 as a equivalent to a form in which each of the four signal points 
video decoder of the receiver. Accordingly, an NTSC level 65 721, 722, 723, 724 shown in FIG. 57 is divided into two 
picture will be reproduced. The receiver is fabricated at components thus producing three different level data at 
much less cost as having no capability to receive any HDTV most 
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The tfa^Icvcl signal transmission of digital HDTV signal is error ejected Thcreafte, by the image expander 

si^aland the Uke is identical to that described m me third of the image decoder 4t2, a digital ^^hW 

and fourth embodiments and wfll no further be explained in duced and output ** 
detail. 



„ _ _ The ECC encoder 744a, as illustrated in FIGS. 160(a) and 

H«'<*««ffect of TV broadcast using VSB of FIG. 68 5 160(6) explained in the sixth embodiment, comprised Reed 

will be explained. Although 8 VSB has large capacity of Solomon encoder 744/ and an interieaver 744*. The ECC 

teansmimng informal decoder 759a comprises a de Interieaver 759* and a Reed 

^^^V™* ^ Valuc - Howcvtt » for Solomon decoder 759/ As explained in the previous 

high quality HDTV broadcast, its large transmission capac- embodiment, interleaving is effective to provide a system 

ity will allow many error correction codes, ttereby lowing to robust against burst errors 

the error rate and assuring the future multi-level TV broad- To lower me error rate, the code gain can be further 

ca fl _^ ^ ^ A m increased by adopting the Trellis encoder shown in FIG. 

cJ^S It^r "V* Y? 8 ^ 128(e) and 128(f). The 

comparative^ explained. In the case where the terrestrial Trellis encoder 7446 and me decoder 7596 wimratio 2/3 
broadcast service uses the tr^uency band of NTSC or PAL, 15 wfll be applicable to the 8 VSB system, as shown In FIG. 
the substantial transmission band of arxwoximately 5 MHz 172. 

^? 1 iati!S^ Cd £^32°* bccausc NTSC Is subjected Co the The above embodiments were explained based on the 
band limitation of 6 MHz, as shown in FIG. 136. For 4 VSB, example wherein the multi-level digital TV signal is trans- 
as ite^uency utilization e^ mitted. Although the mu^^ 

adata jtrarwmisaon ^capacity equivalent to 5 MHzx4=20 20 ideal broadcast service, me cost win not be acceptable at the 
Mops. Ontfac other hand, at least 15 to 18 Mbps is required kitiation of the broadcast service because of complicated 
rortransmisaou of a digital HDTV signaL Accordingly, 4 circuits, such as image compression circuits and modulator/ 
VSB is fosuffiaent m data capaaty. More specifically, as demodulator circuits. As explained in the introductory part 
illustrated in FIG. 1*9, only 10 to 20* of the substantial of the fifth embodiment, to realize a TV broadcast service 
tnnsaferiott capacity of the HDTV signal is used for the 2$ with a simrilified circuit, it will be preferable to adopt the 
^°7 I |I^ nCO r n % nwiruilti-levelTV signal trana 

1 5?: 115 ** to***™? efficiency is 6 the signal point distances of 4 VSB and 8 VSB— ie. L=lZ 

* transmission capacity equivalent arrfsmmlifyingmecrnx^ OTtoFia 157 If me 

toSMHzx&OOMbps. As explained above, at least 15 to 18 broadcast service is sufficiently spread, zrade-uo to the 8 
Mbps is required for transnu^o^ 30 VSB system will be considered. v • 

Aaxxdiiitfy, as illustrated in FIG. 168, the 8 VSB modu- Besides the combination of 4 VSB and 8 VSB, the 
Jat^nmet^canu^^ combination of 16 VSB and 32 VSB will be explained with 

data capacity equivalent to 50% or more of the substantial reference to FIGS. 159(a) to 159(d). FIG. 15^a)sfaows the 
tra ? am * slon ^P* 0 *? rfj** mny Accordingry, constellatiott of 16 VSB. FIG. 159(b) divides the signal 

mKtathecondition mat HDTV distal signals with the same 35 rxrints into signal poups 722a to 722A, each consistingof 
a^ratoaretoansrnitt^ two signal points, thereby realizing two-level signal trans- 

mtiie6MHzband, 8 VSB is superior to 4 VSB to allowing mission system by regarding these signal groupTas eight 
t large number of error correction codes. As mdicated by signal points of 8 VSB. In this case, the muM-level stoal 
error rate curves 8*5 and 8*6 of FIG. 163, the TCM-8VSB transmission system wffl be also lealized by transmm1nV8 
having a high code gain for error correction shows error- 40 VSB signals intenrrttentry using the time division molti- 
«»»ctod xrror rates snialler man plex. According to this memo^ 

l^TT™^*^ o 0Q,Icctk)n - '"icreforc, compared be reduced to 2/3. FBI 157(c) further divides the signals 
wan 4 VSB, the 8 VSB with high code gain for error into four signal groups723fl to 72W, mereby allowing these 
Z^^S* ^ »avice area of the terrestrial TV four signal groups to be regarded as four signal rxrin ts of 4 
broadcast. The 8 VSB is disadvantageous in increase of error 45 VSB. Thus, one more level is added. In tfais^casl the 
f*"^*^^ which wifliesuUmoomimcatedncssof muUfcvd signal transmiasi<m system wffl be also re 
ftc circuit construction of a receiver. However, the VSB by transmitting 4 VSB signals intermittently using the time 
chflractoi2cd by an amplitude modulation division multiplex, although the maximum data rate is 
method. Joereforc, the receiver is normally c^ripped with reduced. In mis manner, a three-level VSB is realized, 
an equalizer whow so According to this multilevel dam traiismisdon system, 8 

QAM method incm ding phase comments. For this reason, VSB or 4 VSB data can be reproduced even if the C/N rate 
even if me error correction circuits ate added, an overall of 16 VSB is worsened. Rutherrnore, as fflustrated in FIG 
5^^^ rf ^ 8Vav ^^ te8n ^ thanmat 15*0, 32 VSB signal transmission wffl be realized by 
of the 32 QAM system. Hence, the 8 VSB system can doubling the number of the signal points of 16 VSB ff 
provide a digital HDTV receiver having an enlarged service 55 erilargement of the capacity of 16 VSB is required in the 
areaa^adeuuate in the overall circuit scale. future, mis 32 VSB signal transmission systeinwffl provide 

Spccmc example of the error correcting system wffl be a data capacity up to 5 bits per symbol without losing me 
explained later. The ECC 744a and me Trellis encoder 7446, compatfcmty ^ 8 
shown in the block diagrams of a transmitterAeceiver of Above-described system wffl be embodied as a VSB 
FIGS. 84, 131, 137, 156 and 157, will be used. And, the VSB 60 receiver shown in FIG. 161 and a VSB transmitter shown in 
modulator 749 of 4 VSB, 8 VSB and 16 VSB explained with FIG. 162. Although the explanation was based on 4 VSB and 
retoence to FI061 wffl be used to transmit the signal In 8 VSB, the signal transmission can be realized by usms 16 
ft receiver, the VSB demodulator 760 explained with refer- VSB as shown in FIGS. 159(a), 159(6) and 159(c). For 16 
era to FIG. 63 wffl be used to rerroc^ VSB, if used in the terrestrial broadcast service, the signal 

\, ~~ L VSB ' °* 16 VSB ***** 4 > 16-kvd « transmission capacity of 40 Mbra is obtained in the 6 MHz 

f ^ 75 I^ ,e ?' mc1Mlis ***xkr 7596 and the HOC band. However, as the data rateof a HDTV digital corn- 
decoder 759a shown in FIGS. 84, 131, 137, 156 and 157, the pression signal is 15 to 18 Mbps when the MPEGregulation 
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is adopted, the surplus of the signal transmission capacity is H^-H axe transferal to the mixer 556 where they are 
too much. Namely, as illustrated in FIG. 169, the redundance mixed to a single video signal which is men sent across the 
of K l6 is approximately 100% or more. Such a large terminal 2 of the switch 76SJ to the output unit 554 for 
redundance is not desirable for transmitting 1 -channel digi- further delivery. 

tal HDTV signaL Effect brought by this 16 VSB is not so s In this manner of time division processing of a three-level 
large when compared with the 8 VSB system, while the signal, two mixers can be replaced with one mixer, 
complicatcdness of the circuit increases alone. To provide a More particularly, four components H^ H^V^ H H \ L , 
2-channel HDTV terrestrial broadcast, the redundancy of 16 H H V H are fed to produce H^V^-H at the first timing. Then, 
VSB wifl be reduced to the same level as 4 VSB, which will HjA^H, H^-H, and H^V^H are fed at the second 
not allow sufficient error correcting codes to be enter. This to timing delayed from the first timing and mixed with HjV^-H 
means that the service area is narrowed. As described to a target video signaL It is thus essential to perform the two 
previously the 4 VSB system cannot provide a wide service actions at an interval of time. 

area, because the redundance of 4 VSB is in a range of 10 If the four components are overlapped each other or 
to 20%. As apparent from FIG. 1*9, the 8 VSB has the supplied in a variable sequence, they have to be tiine-base 
redundance of approximately 50%, which is adequately used 15 adjusted to a given sequence through using memories 
for error correction codes. The service area can be enlarged accompanied with their respective switches 765, 765a, 
without mcreasing the scale of error correction circuits so 7656, 765c. In the foregoing manner, a signal is transmitted 
much. Accordingly, under the condition that the digital from the transmitter at two alffereiittiiimig periods as shown 
HDTV terrestrial broadcast service is realized in the limited in FIG. 73 so that no time-base controlling circuit is needed 
band of 6 to 8 MHz, it is concluded that the 8 VSB system 20 in the receiver which is thus arranged more compact 
is most effective and appropriate for the VSB modulation As shown in FIG. 73, D 4 is the first data stream of a 
system, as apparent from FIG. 169. transmitting signal and HjV^, H t V^ H^V £ , and H„V„ are 

In particular, the arrangement of the video encoder 4*1 of transmitted on D| channel at the period of first timing. Then, 
me third embodiment shown in FIG. 3# is replaced with a at the period of second timing, H^V^ H^, and H„V H are 
modification of which blocs: diagram is FIG. 69. The opera- 25 transmitted on D 2 channel. As me signal is transmitted in a 
tion of the modified arrangement is similar and will no time division sequence, the encoder in the receiver can be 
longer be explained in detail. Two video signal divider arranged mote simple. 

circuits 404 and 4#4a which may be sub-band filters are The technique of reducing the Dumber of the expanders in 
provided forming a divider unit 794. The divider unit 794 the decoder win now be explained. FIG. 74(b) shows a 
may also be arranged more simple a shown in the block 30 time-base assignment of four data components Sit, 818a, 
diagram of FKx. 79, in which a signal passes across one 8186, 819c of a signaL When other four data components 
signal divider circuit two times at time division mode. More 811, 811a, 8115, 8Uc are inserted between me four data 
specifically, a video signal of e*. HDTV or super HDTV components 811, 8Uo, 8115, 811c respectively, the latter 
from the input unit 493 is time-base compressed by a can be transmitted at intervals of time, In action, the second 
tmic-baseoomftrssor 795 and red tote as video decoder 422 shown in FIG. 74(a) receives the four 

where it is divided into four components, H^V^H, H^V^ components of the first data stream D, at a first input 521 and 
H, and H^V^H, and H^V^-H at a first cycle. At the time, transfers them through a switch 812 to an expander 543 one 
four switches 745, 76Sa, 7656, 765c remain turned to the after another. More particularly, the component 819 first red 
position 1 so that H^V^-H, H^V^H, and HjV^H are is expanded during the reeding of the component 811 and 
transmitted to a compressing circuit 495. Meanwhile, 40 after completion of processing the component 819, the 
H^y^-H is fed back through the terminal 1 of the switch succeeding component 819a is fed. Hence, the aqmnder593 
765c to the time-base compressor 795. At a second cyde, the can process a row of the conaxaients at time intervals by me 
four switches 765, 765a, 7656, 765c turned to the position same time division manner as of the mixer, thus substituting 
2 and all the four components of the divider drcuit 494 are the simultaneous action of a number of expanders, 
rifmilmneoosly transferred to the c ompr e ssin g circuit 495. 45 FIG. 75 is a tune-base assignment of data components of 
Accordingly, the divider unit 796 of FIG. 79 arranged for an HDTV signal, in which H^l) of an NTSC component 
time division processing of an input signal can be con- of the first channel signal for a TV program is allocated to 
structed in a simpler drviding circuit form. a data domain 821 of D x signaL Also, H^V^, H^V^ and 

At the receiver side, such a video decoder as described in H^V* carrying HDTV additional components of the first 
the third embodiment and shown in FIG. 39 is needed for so channel signal are allocated to three domains 821a, 821*, 
three-level transmission of a video signaL More particularly, 821c of D 3 signal respectively. There are provided other data 
a third video decoder 423 is provided which contains two components 822, 822a, 8226, 822c between the data corn- 
mixers 556 and 556a of different processing capability as poaents of the first channel signal which can thus be 
shown in the blocs: diagram of FIG. 7L expanded with an expander circuit during transmission of 

Also, the third video decoder 423 may be modified in 55 the other data. Hence, all the data components of one 
which the same action is executed wim one single mixer 556 channel signal will be processed by a single expander 
as shown in FIG. 72. At the first timing, five switches 765, capable of operating at a higher speed. 
765a, 7656, 765c, 76&f remains turned to the position t Similar effects wiU be ensured by assignment of the data 
Hence, H^V^ H^V^, H^V^, and H^V^ arc fed from a first components to other domains 821, 821a, 8216, 821c as 
522, a second 522a, a third 5226 and a fourth expander 522c 60 shown in FKL 76. This becomes more effective in toma- 
to through their respective switches to the mixer 556 where mission and reception of a common 4 PSK or ASK signal 
they are mixed to a single video signaL The video signal having no different digital levels, 
which represents HjV^-H of an input high resolution video FIG. 77 shows a time-base assignment of data compo- 
signal is then fed back through the terminal 1 of the switch nents during physical two-level transmission of three <fif- 
765d to die terminal 2 of the switch 765c. At the second 65 ferent signal level data: eg. NTSC, HDTV, and super HDTV 
timing, the four switches 765, 765a, 7656, 765c are turned or low resolution NTSC, standard resolution NTSC, and 
to the point 2. Tims, H W V^-H, H^V^-H, HjV^H, and HDTV. For example, for transmission of three data compo- 
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nents of low resolution NTSC, standard NTSC, and HDTV, of a TV signal will be feasible using the addition of a D, 

the low resolution OTSC or U L \ L h allocated to the data signal and a super resolution HDTV sknaL^ ' 

domain 821 of^stgnaL Also, H £ V„, U„V V and H„V w of FIG. 79 illustrates a time-base assignment of data com- 

d»e standard NTSC component are allocated to three ponents of aphysical three-level, D„ D„ D„TV signal, in 
d ~ s * 2 ^ » 21 *- ^Respectively. H t v *-H. H«V t -H, 5 which data components of the same chapel are soarrZed 

^.Kf? ^1 oosa P°^ a -_ m «Hocated to as not to overlap with one another with time. FIG. 8« is a 

^T?^;^^ M3frreSpCC<lvdy - block diagram of a modified video decoder 423. similar to 

The 4 VSB or 8 VSB is assooated with such a logic level FIG. 78, in which a third input 521a is added. The time-base 

T SM ^°°.f S T mmatl0n ta J» "W correction assignment of data components shown in FIG. 79 also 

ffi^u J^^"^ 10 """■"to to *» «impfc construction of the decoder. 

inFIOS. 1S6 and 17». More particularly, H t V t is carried on The action of the modified decoder 423 is almost identical 

D channel of the D, signal- The D,., channel is higher in to that shown in FK. 78 and associated with the time-base 

Hie mot conccttoo capability than D,. 2 channel, as assignment shown in FIG 77 and will no more be explained. 

S^t^^^^J^ Dlld T dk * b *° P°^= to multiplex data components ontheD, 

higher in the redundancy but lower in the error rate man the 15 signal as shown in FIG. 8L However, two data 821 and 822 

U l<t channel and the date 821 can be reconstructed at a are increased higher in the error correction capability than 

?T'E?L? e ,? aa ! b " Ct Mlc. other data ccmponente 821,, Sm^lT^l T* 

^^^^'\!!!^^ n .^~ ni ^ nlwlIlbc Wgher signal level. More particularly, the data assignrnent 

reproduced at a far location from the transmitter antenna or for transmission is made in one physical level t*Ttw«losic 

vrJ^Tfn^T^ f^Tt.^ ^J^f ° f " 20 levd reMonshi P- Ako > data component of the second 
vehicle. In view of die error rate, the data 821 of D,_, channel is inserted between two adjacent data compoDcnts 
rf°^. U »ll fff^ fcy 81 ^ interference than the other of the first channel so that aerial processing can be«ecuted 
«ata KZ14,82U>, 821c of D,. 4 channel, whfle being spedfi- at the receiver side and the same effects as of the time-base 
^ ^s e nrmna t pd and stayed in a different logic level, as assignment shown in FIG. 79 will mns be obtained. 
^^^L ^ fS°^ Sf^^ Cm : ^^^P* I> 2 are 25 Tbe time-base assignment of data components shown in 
Avi-W^ t^physically (afferent levels, die levels deter- FIG. 81 is based on the logic level t^aidcan also be 
mined by ma c ri n dnati on of the distance between error carried in me physical levdmc^wlicnmebittiansmission 
conectmg codes ace arranged different in me logic lcveL rate of the two data cemtxrai^ 

A ^ dc ^ od ™ ion rf D a<**» n^uires ahigl^ ONrate H or VS thus to lower the error rate. The physical level 
SJSJ?T °f 1 data. In action, or low resolution 30 arrangement is consisted of three dtffeent levels. 
1^*^ can at least be reproof FIG. 82 is a block diagram of another modified video 

UN service area. HjV ^ and H^V* can in addition decoder 423 for decoding of the D, signal time-base 
n^S^f a ^« <W ^'^**^COTarea, arranged as shown in FIG. 81, whkh is siin^m construe- 
HtVj^ IlffV^-H, and H^V^H components can also be tion than that shown in FIG. 8#. Its action is identical to that 
r^odoced to develop an HDTV signal. Accordingly, three 35 of the decoder shown in FIG. 8i and will be no more 
different level broadcast signals can be played back. This exriainecL 
rnetfa^anows me signal receivable area shown in FIG. S3 As oixlerstood, me tmie^ 

1° J 0 ™ * ^ c to a triple region, as shown nents shown in FIG. 81 also contributes to the sirnflar 

in FIG. kisfc* opportnnity for enjoyingTV arrangement of the expander and mixer. Also, four data 

programs FIGS. TO is a block diagram of the third video 40 components of me D t signal are fed at native time slices 
^TlSf^ f ^ * c ******* assignment of data to a mixer 554 Hence, the circuitry arrangement of the 
dK>wnmITO.n > whicbiasmiilarto mixer 556 or a plurality of circuit blocb s^ as provided 

oceptmatthemirdinpirt in the video mixer 54S of FIG. 32 may be arranged for 

the arrangen^ j*™ in FIG. 74(a) is added. changing the connection therebetween correspo^ to 

in i operation, both the D 4 and D 2 signals arc fed through 45 each daU component so that they bccoxi^compa^nn^ 

^^^!?i^ rc ^^ ytotJ ^ 8Uatmc md mas > minimized in circuitry construe- 

first timing. As their components memding are time tion. 

*vided,meyare^ Accordii^, the receive 

to an expander 5*3. Hiis sequence will now be explained construcdoT 

referring to the time-base assignment of FIG. 77. A com- 50 It would be understood that the fifth embodiment is not 
pressed form of of the first channel is first fed to the limited to ASK modulation and the other methods including 
e*i^5«3whereftisexr*^ PSK and QAM moduladon, such as described m me first, 

m third embc^ii^ 

sent through a switch 812a to a mixer 556 where they are success. 

mixed to produce H^V^-H. HjA^-H is then fed back from ss Also, FSK modulation will be eligible in any of the 
toe terminal 1 of a switch 765a through the input 2 of a embodiments. For example, the signal points of a nmltiple- 
switeh765tothc U L V L input of the mixer 556. level FSK signal consisting of four frequency component 

At the second timing, H, H^-H, andH^H of fl,a,£3,f4 are divided into groups as shown inrTOsTand 
^D 2 signal shown in FIG. 77 are fed to me expander 503 when the distance between any two groups are spaced from 
where mey are expanded before transferred through the 60 each other for ease of discrimina^ 
sw^821*tothemker556.Theyaren^ mission of me FSK signal can be implemented, as illustrated 

556 to an HDTV signal which is fed through the tenninal 2 in FIG. 83. 1 
of the switch 765* to the outout unit 521 for further delivery. More particularly, it is assumed that the frequency group 
The time-base assignment of data components for 841 of fl and f2 is assigned D A =0 and the group 842 of f3 
transmission, shown in FIG. 77, contributes to the simplest 65 and f4 is assigned D t =l. If fl and 0 represent 0 at D and 
arrar^enttnt of the expander and mixer. Although FIG. 77 £2 and f4 represent 1 at D 2 , two-bit data transmissiou, one bit 
shows two, D t and Dj, signal levels, four-kvel transmission at D. or D 2 , will be possible as shown in FIG. 83. When the 
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ON rate is high, a combination of D l= 0 and D^l is data stream, image reproduction of do-scramble or each 
reconstructed at t=*3 and a combination of D 4 =l and Dj=Q block of image can be stabilized. 
* 2f thcC7Nratcis low ' D i=° oal y * reproduced As shown in FIGS. 137 and 172, high priority information 
at t=*3 and D^l at In this manner, the FSK signal can (HP) is transmitted by the subchannel with a higher code 
be transmitted In the multi-level arrangement This multi- 5 gain by changing the code gain of Trellis decodeTcr ECC 
state KKsignal transmission is applicable to each of the decoder error correction by the respective subchannel for 
third, fourth, and fifth embodiments. data row time shared by the transmitter of 8 VSB and 16 

The fifth embodiment may also be implemented in the VSB. Since the error rate of HP information decreases, even 
form of a magnetic itcord^playback apparatus of which if noise is generated to a certain degree in the transmission 
Wock aiagramshown in FIG. 84 because its ASK mode to route to deteriorate signals which results in destruction of 
action is appropriate to magnetic record and playback opera- Low priority information*!*), HP information data will 
tr*Au M ... ^ _ s , remain undestnictcd. By transiting dcscramble informa- 

FKj. 84 is a block diagram showing a recorda/transmitter uon and header information such as data packet address of 
• V^TS™ 6 each image block as HP information, dcscramble stabilizes 

In the block diagram of FIG. 84, the VSB-ASK modula- 15 for a long time and viewers can watch descrammcd pro- 
Bou system in the fifth embodiment comprising the trans- grams. At the same time, since destruction of each Image 
nutter 1 and the receiver 43 becomes identical in constitu- block is prevented, viewers can watch TV programs^Si 
tion by replacing the transmission circuit 5a of the acceptable image quality as image quality deteriorates only 
teammntobyarecordermaffl generally even when received signals deteriorate. 

857a, and the reception circuit 24a of the receiver 43 by a 20 Embodiment 6 

mag^eticrcraodudng signal amplifier 8576. The communication and/or recording method of the 

Describing the operation, the HDTV signal is divided into present invention is applicable to a magnetic recording and 
two^ of dam to be compared by tte playback apparatus. Although the present invention is 

1 ~5 da ^/ ream ** «*j«*ed to error coding in the ECC applied for a roultiple-levei ASK data transmission in the 
J^* 80000(1 are** 1 * «^ected to error 25 abovc^desmbed fifth embodiment, it is also feasible in the 
coding in the ECC 744a, then further subjected to Trellis same manner to adopt mis invention m a magnctfc recording 
S^f Cncodcr 1AAb to cntcr modulator and playback apparatus of a mnM-level ASK recording 

749of VSB-ASK. In the case of the recorder, after applying system, as shown in FIG. 173. A multi-level or nan inulS- 
an offset signal by the offsrt generator 856, daU is recorded level magnetic recording can be realized by applying the 
on a magnetk tar^ 855 by a recording 30 C^M method of uk present 

case of the transmitter 1, a DC offset voltage is superposed QAM, as well as ASK. 

on the VSB-ASK signal by an offset voltage generator 854, Hrstof all, the method of realizing a rnolti-levd recording 
and the signal is transmitted by the up converter 5a. Thus, in a 16 QAM or 32 QAM magnetic recording playback 
ftiseasytoreproduce me synchronous apparatus will be ernlaiiwd nrinp tn CTOTnp ^ fM^PM 

^transmitted VSB-ASK signals of 4 VSB, 8 VSB and 16 33 method of the r«se* i^ 

VSB are received by the antenna 326, and fed into a diagram wherein the CCDM is applied to 16 QAM, 32 
Ambulator 852a by way of a down converter 24a. QAM, 4ASK, 8 ASK, 16 ASK and 8 FSK. Hereinafter, a 

On the other hand, the signal recorded by the recorder is QAM system being multiplexed by the C-CDM method is 
reproduced by a reproducing head 854a, and is sent into a termed as SRQAM FIGS. 137 and 154 show block dia- 
oVarnodnlator 8526 through a reproducing circuit 858. 40 grams appHcabk for me signal transmission system of the 

The input signal is dem ndnlaftvl by an ASg AannAiit/r broadcast 
8526 such as VSB through a filter 858a of the demodulator As shew to HG. 84, an tap* 

8526, and the d emo t fcdat ed first data stream is subjected to signal, to a ™*gr'«y» record/payback apparatus 851 is 
error correction by the ECC decoder 758a, and the second divided and compressed by a video encoder 4*1 into a low 
data row is subjected to error correction by the Trellis 45 frequency band signal through a first video encoder 411a 
decoder 75*6 and the ECC 759a. In consequence, the HDTV and a high frequency band signal through a second video 
expanded to video signal, TV signal, or SDTV signal is encoder 4816 respectively. Then, a low frequency band 
o^vered from the v^decoder4#ZBylYeIliscc^uie component, eg. of the video signal is fed to a first 
error rate is lowered, the transmission distance of the trans- data stream input 743 of an input unit 742 and a high 
mitter is extended, and the image quality of the recording so frequency band component including R„V H is fed to a 
and reproducing ar^arams is imrxwed. In such a case, the second dam stream itnput 744 tf 
filter 858a of the receiver 43, by usmg a comb filter which nests are former transferred to a modulator 749 of a 
possesses such a filter characteristic as to eliminate the modulator/demodulate 
canrfcr of nnalogTV signal as shown in FIG. 134, can 743 adds an error correct^ 

eliminate the interference of the analog TV signal, and the 55 signal in an ECC 743a. On the other hand, the second data 
aerate can be reduced, h this case, if the filter is always stream fed into the second dam stream hmut 744 is 2 bit in 
placed, the signal deteriorates. To avoid this, as shown in case of 16 SRQAM, 3 bit in case of 36 SRQAM, and 4 bit 
FIG. 65, the analog TV filter 768a is turned on only when in case of 64 SRQAM After an error correcting code being 
the signal deteriorates due to interference of the analog TV encoded by an ECC 744a, this signal is supplied to aTreflS 
by the error rate detector 782, and is turned off when there 60 encoder 744ft, or 744g, or 7446 shown in FIGS 128fal 
ts no interference, so that deterioration by filter can be 128(6) and 128(c) in which a Trellis encoded signal havmg 
Vt 7 € T^ u , ™ «. a ratio 1/2 for 16 SRQAM, 1G for 32 SRQAM, and 3/4 for 

In the case shown in FIG. 84, of tbx first data stream and 64 SRQAM is produced A 64 SRQAM signal, for example, 
second data stream, the error rate is smaller in the second has a first data stream of 2 bit and a second data stream of 
™* ^^J^^^ transmitthig^reccrd^ng high pri- 65 4 bit A Trellis encoder 7446 of FIG. 128(c) allows this 64 
onty (HP) information such as de- scramble information, and SRQAM signal to perform a Trellis encoding of ratio 3/4 
neatoiirfoimatiottof image dam in FIG. 66 into the second wherein 3 bit data is converted into 4 bit data. For 4 ASK, 
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i J S^^^'^ aBaib * tt 1/2,20 and3/4 *" 16 01 32 valued signal point*. Therefore the firs, date 

^ ^trf^ P crf0nnc t7 llus redundancy increases and strea^D, canbereprod^^ C a2 to^ bit^^d^ 

f if? ia l. dc0rc ^ eS ; whflc 0101 «"«*g capability stream of the second date stream D, cannot be reproduced, 

mcreases. This results k the reason of an aro-rate to the Only 2 bit date stream of the first date stream is reproduced, 

same data rate. Accordingly, transmittebie information s If a two-level HDTV video signal is recorded and 

amount of the recording/playback system or transmission reproduced, a low C/N tape having insufficient amability of 

system will increase substantially. As the 8 VSB transmis- reproducing a high frequency band video signal can output 

sion system explained in the fifth embodiment is three bits only a low rate low frequency band video signal of the first 

per symbol, the Trellis encoder 744g and the Trellis decoder data stream, specifically e.g. a 7 Mbps wide NTSC TV 

744j of ratio W, shown in FIGS. VXS(f>) and 128(e) can be to signaL 

used for this 8 VSB transmission system. An overall block As shown in a block diagram of FIG. 114, a second date 

diagram is shown in FIG. 171. stream output 759, the second data stream input 744, and the 

It is, however, possible to constitute the first data stream second video decoder 402a can be eliminated in order to 

Input 743 not to include a Trellis encoder as shown in FK3 provide customers one aspect of lower grade products. In 

84 of this si^embodime^ because the first date stream h^ , 5 ^"^X^^ m < *> 

tow error ntfe Intently. TTiiswrn be advania^ ™^^?? tocta(le * modulate ««* as a modulated 

of simplification of circuit coiminiraW^f^^^ Q^i^^toom^or<kmod U litos1hc^d^a^ 

steam^o^«L7^^!^^ only. This apparatus allows only the first data stream to be 

rem^V^™^ 85 ^ recorded and reproduced. Specifically, a wide NTTC wade 

a ° c d V thcrefare ' *** * worsc video signal caTbe recorded^^duaS 

Z^fc,^* .^i 8 eO00din f s f cond ^ 20 Above-described high C/N rate video tape 855 capable of 

improves such a worse error rate. These is no doubt that an recording a high Htnte signal, en. HTXTV ^aL»^ be 

encoding of the first data stream is eliminated. An operation magnetic recordingfelayback apparatus but will rcraoduce 

fi ^r.T-T^^^ ? " » D < iwm '***K 25 is outputted, white me seconddate stream is not reprtxh^ 
fm^explato^Amodutetedsk^ m ^ W<K ^ ^ IBOOldin g /i)byb(lA ^pp^^^l 

vl^iT "J****"****** circuit 853 in which it is AC complicated cx.nfiguiat^n^^^^F^n^ 

Sd£^£? fed to « magnetic head 854 for configuration «. reproduce a widT^rignafif , 

^S^ft^S^,^ 58 ^ .. , 30 videota,««SSind^ites^mnItl-levdinUC 

rf«.i^£5 "f 0 ""^ "S?* 1 ^ sbown 10 • "coding Accordingly in case of two-ievd multiple state, fourlanT 
sSS^gSE^ 1^°^ A "Li 6 ^™wffl be realized wimperfec^^ 
S^'^!?^ ^ <rf , frc< l uenc y fc no*** two tapes having different ON rates and two rccaS 

t."l£SJi ^ ^ »»f J-ving a fre- playb^apparatobavituj different reco^^ 
235fir^i'^f a0C< ^- Dfa0 * tioa to Hie 35 rates. This wfll bring rSUksNe dtohZwe,™ 
TS^^Za as a bus signal 859* having KTSC dedicated app^s wffi be simple mconstiu^n.ts 

rf^^wfeT f f °L^*^ C IeC °* Xlin8 ' ^ 0 with an HDTV dedicated^p^atuHn^ore 

™SoT££ r^^t m r = CQtdcd k ^ » circuitry scale of EDTV decoder^rillbe % ofmat 

^^TJt ^l^^J 0 - ^SP* 5* ^ «° ^^Hzed^fririylowoostltealizationoftwo^IV^ 
S^D^™!^^? ^ * ^ 859c wfll repro- EDTV, types recordingplayback apparatus having different 
duaD, date only, depending on ON level of the recording/ recording/reproducing capability ofpfcture quamy wS^ 
*X™7 . . , „„^ „ vide various type products ranging in a wide price ranee. 

JtJ^.TLI it 1 S 5?tiL Wm *** Usmomfraely^^t^^.!*^^^ 

^sStlTht ^7°°?' ' ^ 01 « an expensive high C/N raTtepc to . c^lowC^ra^ 

Pir^i2^^*I ^ !T 1 • sjd « iuncllt ^ tepe.asoccariondemartdsso^tosati^req^ 
Si? T**?!!?* tf - " 4 ASK or 8 ASK quality. Not only mamtaining pertecTcomS£^ 

l^^ , F^^Z* S T? 1 *?™* a ™ ( W> dbt ^ cap^bilfry win be ^teinedlndtather 

2^.1^ tT^T of dti, rignal, both the main ^uftfltS T wiaT rUr7syrtm%riTbe ««u^ 
mfl^t S^f ^ ^J^ 1 ^^ though 50 Consequently, it will be possibfc to establish longing 
^™^^™^»*l^*™mW***Sll>. standards forrecording^lay^ckVarams. Omenre^finf 
^ ^ 85711 ^ f «J to a carrier methods wffl be^edTftelan^m^ F^^Tf 

fr^^^^ m ^^ 8 ^ Sepan,tC8,hc ^tt-fcvcl receding wfll be realized by^TpW 
frequency of the pilot signal fp having . frequency 2f» and modulation explained in the first and amd%mb<>dtaLite!A 
l^Tl^", ^Sbr^ccs a carrier of fre- 55 recc^ by^eTsK explained te me fifme^^^^ 
quency rflr to tnuufea to . denmdiuator 7«#. Thfa repro- be also possible. Amu^te^teof two- «ttw^wffl 
^i^bus^toiaoo^^^^^ be realkedby ainverti^present recording fr^iw^vd 
^^n^^T^^ ' rcC ° rdin « ^ to four-levd ASK or dght-tevel ASKar^viding fatolwo 

855 e.g HDTV tape, is of high CVN rate, 16 signal points groups as shown In FMsT 59(c), 5Wd), 68f^nd<HWl 
^.^^f "^^^ ******* « Adrcuit Mock diagram for ^^0^ mRG 173 

in me demodulator 760. Subsequently, a video decoder 492 which is Identical to^disdc^ to FIG 84 m S 
rep^ aUfte signals^n ^^CRcnn reproduce . combination of me IreS SSLITSJ ^2. t 
f W ^7Tl W ? ,Sl5Mbl)8HDrVsi « ML11l£ lowered. Besides embodiments already de^cribed^ ttml£ 
^"^^ ^ U ' AcapCT °f * video tape is. level recording wiuTalSze^^S 

to Zc^rT In' T^^ 010 " ^ ^ 10 65 on a m^netiT tape. Furthermore, a^eti^Sitvet 
k£^„T™ ^ -f^, broa ^ t , ta P^ If * video tape recording will bTfeasiT^ by^erentiating theZor cor- 
853tooflowC^rate,dwfflnotbeaMetodiscrinilnateall recting capability so as to discrimtoatele^ve date 
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Compatibility with future standards will be described D 2 by the C-CDM demodulator 760 in the same manner as 

below. A setting of standards for recording/playback appa- in the explanation of FIG. 84. The first data stream D t is 

ratus such as VCR is normally done by taking account of the demodulated into two, D t _, and subchannels through 

most highest ON rate tape available in practice. The record- the TDM 758c provided in the first data stream output 758. 

ing characteristics of a tape progresses rapidly. For example, 5 D t .| data is error corrected in an fiOC decoder 758a having 

me C/K rate has been improved more than 10 dB compared high code gain. Therefore, D z _, data can be demodulated at 

with the tape used 10 years ago. If supposed that new a lower ON rate as compared with D t . 2 data. A 1-1 video 

standards will be established after 10 to 20 years due to an decoder 441a decodes the data and outputs an LETV 

advancement of tape property, a conventional method will signal. On the other hand, D l 2 data is error corrected in an 

encounter with the difficulty in maintaining compatibility to ECC decoder 758o having normal code gain. Therefore, 

with older standards. New and old standards, in fact, used to D l 7 data has a threshold value of high ON rate compared 

be one-way compatible or non-compatible with each other. with D X1 data and thus will not be demodulated when a 

On the contrary, in accordance with the present invention, signal level is not large. D x . 2 data is then rf*iwwiniflfr»H in a 

(he standards are first of all established for recording and/or 1-2 video decoder 4024 and summed with D t l data to 

reproducing the first data stream and/or second data stream is output an EDTV signal of wide NTSC grade, 

on present day tapes. Subsequently, if the ON rate is The second data stream D 2 is VttaH demodulated in a 

improved magnificently in future, an upper level data Trellis decoder 75% and error corrected at an ECC decoder 

stream, e.g. a third data stream, will be added without any 75^ Thereafter, D 3 data is converted into a high frequency 

difficulty as long as the present invention is incorporated in band video signal through a second video decoder 4i26 and, 

the system. For example, a super HDTV VCR capable of 20 then, summed with D w and D^ 2 data to output an HDTV 

recording or reproducing three-level 64 SRQAM or 8 ASK signaL In this case, a threshold value of the ON rate of D 2 

will be realized while maintain ing perfect compatibility with data is set larger man that of ON rate of D 4 _ 2 data, 

the conventional standards. A magnetic tape, recording first Accordingly, D 1U data, i-e. an LDTV signal, will be repro- 

to third data streams in compliance with new standards, will duced from a tape 855 having a smaller ON rate. D l . lt and 

be able to use, of course, in the older two-level magnetic 25 D 1-2 data, ie. an EDTV signal, will be reproduced from a 

recordmg^ilayback apparatus capable of recording and/or tape 855 having a normal ON rate. And, D w , D t ^, and 

reproducing only first and second data streams. In this case, Le. an HDTV signal, will be reproduced from a tape 855 

first and second data streams can be reproduced perfectly having a high ON rate, 

al tho ugh (he third data stream is left non-reproduced. Three-level magnetic recordmg/playback apparatus can 

Therefore, an HDTV signal can be reproduced. For these so be realized in this manner. As described in the foregoing 

reasons, the merit of expanding recording data amount while description, the tape 855 has an interrelation between C/N 

maintai n ing conyatMity between new and old standards is rate and cost The present invention allows users to select a 

e* I» ectEd. grade of tape in accordance with a content of TV p rogra m 

Returning to the explanation of reproducing operation of they want to record because video signals having picture 

FIG. 84, the magnetic head 854 and the magnetic reprodnc- 35 qualities of three grades are recorded and/or reproduced in 

ton circuit 853 reproduce a reproducing signal from the accordance with tape cost 

magnetic tape 855 and feeds it to the modulation/ Next, an effect of multi-level recording will be described 

demodulation circuit 852. The demodulating operation is with respect to fast reed playback. As shown in a recording 

almost identical with that of first, third, and fourth embodi- track diagram of FIG. 132, a recording track 855a having an 

meats and will no further be explained. The ^modnlat'T 40 azimuth angle A and a recording track 8556 having an 

7*0 reproduces the first and second data streams Dj and opposite azimuth angle B are alternately arrayed on die 

The second data stream D 2 is error corrected with high code magnetic tape 855. The record^ 

gain in a Trellis-decoder 75% such as a VitaM decoder, so region 855c at its central portion and the remainder as D t _ 2 

as to be low error rate. The video decoder 482 demodulates recording regions 855d!, as denoted in the drawing. This 

D t and D 3 signals to output an HDTV video signaL 45 unique recording pattern is provided on at least one of 

FIG. 131 is a block diagram showing a three4evel mag- several recording trais. The recording region 855c records 

netic reccfxhng^uayback apparatus in accordance with the one frame of LDTV signaL A high frequency band signal D 3 

present invention which includes one theoretical level in is recorded on a D 2 recording region 855e corresponding to 

addition to two physical levels. This system is substantially an entire recording region of the recording track 855a. This 

the same as mat of FIG. 84. The difference is mat the first 50 recording format causes no novel effect against a normal 

data stream is further divided into two subchannrifl by use of speed recording^yback operation, 

a TDM in order to realize a three-level constitution. A fast feed reproduction in a reverse direction does not 

As shown in FIG. 131, an HDTV signal is separated first allow a magnetic head trace 855/riavinganazirrnithang^eA 

of all into two, medium and low frequency band video tn coincide JuMi r"*g"^ v tnrt as «h^w« in tiif* drawin g 

signals D^, and through a 1-1 video encoder 4#lc and 55 As the present invention provides the recording region 

a 1-2 video encoder 4# Id and, thereafter, fed into a first data 855c at a central narrow region of the magnetic tape as 

stream input 743 of an input section 742. The data stream shown in HG. 132, this region only is surely reproduced 

D H having a picture quality of MPEG grade is error although it occurs at a predetermined probability. Thus 

correcting coded wim high cc<fc gam m an EOCccder 743a, reproduced D 1 . 1 signal can A>n*w<"i«t* an entire picture 

while the data stream D t _ 2 is error correcting coded with 60 plane of the same time although its picture quality is an 

normal code gain in an ECC encoder 7436. D XmV and D 1-3 LDTV of MPEG1 level, u mis manner several to several 

are time multiplexed together in a TDM 743c to be one data tens LDTV signals per second can be reproduced with 

stream Dl. Dj and D 2 are modulated into two-level signals perfect picture images during the fast feed playback 

in a OCDM 749 and men recorded on me magnetic tape 855 operation, thereby enabling users to surely confirm picture 

through the ma g netic head 854. 65 images during the fast feed operation. 

In playback operation, a recording signal reproduced A head brace 855g corresponds to a head trace in the 

through the magnetic head 854 is demodulated into D 4 and reverse playback operation, from which it is understood only 
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™1 ^*^^J S 5!^i D&ere ^ pUyback SySttm ^ > high C/N rate. Meanwhile, a TV signal of 
e ^^P^yback format shown in FIG. EDTV grade, e.g. a wide NTSC signal, or a TV signal of 
JS^Z^J^ 10 ^ A 1 reVOT f P ^ ack LOTV grade, e.g a low resolution NTSC signal, be 

^fm»;r^?r^ '', rcCOrtog ^ marfore ' ool P uned «*« i*««diru>playback systemhas a low 

an animation of LDTV grade is outputted intermittently. s C/N rate or poor function 

re^TSL^ 8 ^ .^""T^i 1 : *° As is described to the foregoing description, the magnetic 

S 1E5 t^^If .rf^ * ^ f^^^backappanuu, toTc^dance with fce^scnt 

^£^,.^r!T^^ ^ 111 intomttent invention can reproduce picture images consisttoa of the 

SS^^^E** ^^T 65 ^ Pi<toe ^contemev^ifCm ratTil IcTor is higt 

qtmto* of LDTV gradedrrring normal and reverse fast feed to although the resolution or the picture quality is retotS 

playback operations. Thus, die users can easily confirm low. H ' y 

picture images even in high-speed searching. Embodiment 7 

K^T'^Zl £2°? r^J* <k ^ cribed 10 a A seventh ord>odimerrt of the present invention will be 

££, i^L P ^ 0paati0n - A D '« Itccrdin ^ described for execution of f cjw-le& tfdeo signaUraaW 

Z^Z^g^?^**^ 0 ^* 10 - U2 - 15 A«rnbination of the four-level signal transmS^d 

EJ^L^t ^ ^Vf^. reC ° rdcd tfaei ~ n - the four-level video data constructicTwfli create a fom> 

^ ! regton «S» i, level Signal service area as shown to HG.oTxhe fo£- 

SS^uf n *fJ? tbC Di l ^Z*** "g* KSc A levei «« •* consisted of, from innermost, . fir* 

subchannel D,^ in this region records a part of information 890a, a second 8906, a third 890c, andTfoirith stomal 

Sl^t^^r/^^^r?^^ 30 « ««* ™» n^oflvetoSnTsuTa 

^«^t^^^ J, !!^??^ Da,ecoriiD « f our-level service area wtt be exraaii^ 

™ 1 **U- The four-level arrangement aube^lementedWuttog 

capacity 3 to5 times as much as the subchannel D^. Udon or four logic levels defined I* dam disataunafion in 

to^^^Jr^, ^^ Dj r^ 0nc&wne 25 correction capability. The famerpr^ 

rS^t5 ¥V$S!i?L* <* me difference in me ONrWbeWn two adjacenTkvdslnd 

na^? ^± ^,^.2? ^ re ° 0rded * * the C/N rate has to be increased to dtscrirntoTaTuTe four 

"rower regions 855A, 855/, bom tune and area are levels from each other. The latter to based on me actiouof 

r^^^X^^^. ah ff d,raCCtilncT - «* a difference to Z,Os2 b^n two 

^^^^ ^^^^ aadD8UA 30 " djaccnt ' cve ' s ahauM stay at minimum. HenoXfcm! 

* '"^ level ^rarujenieru is best constructed iis^ 

SS^^^^^^^^^^P*^ two physical levels and two logic lev^ThTdivWon of. 

h^wfflbeirtoirrit^ video ^ mto lom signal k^wm be ^Lto*d 

^SiiT^^ 5 ^" f "^* CCaM ° fthC FK-Wl^ablc^d^of.divioerS^which 
S^frJ?* 1 ^ , 35 corrrprises a video divider 895 and forrcomacssors 405a, 
rJL^„f«.* rT^- VCR ' . ,hiS „? Cm<X, fa nsdeS! to 4«c, «Sd. The video divider 89Scornains ihree 
ffif^tf ^^ reC ° rd f g _ re ^ 0D ** 5 i ana ^ dividers 444a, 4446, 404c which arc arranged ide^icalto 
, ^ r °f uocd 111 * high-speed fast feed medivid«circmt4Wof me iu« videoln^ dol^ra 
^^.ajfcofta^.^W^ in FIG. 30 and will be no more e^r^i^t^o 
performance : VCR . wffl «flow users to eonfinn a picture 40 signal is divided by the dividers totof^orr^r^, H, V, 
^cnuUihstf^pU^tvc^bexcc*** of low resolution data, H„V„ of high re3<»T*rarid 
^ , ^^^w M ^ ,eVdVCR ' Spee<llD0,te ^and H^for^u^^s^n d^^re^uSn 
^SZZ^J?** 6 ** otofacd m ofB t V t b7r 1 atfm*tofthe<rigtoallr^sigr U d^^ 
acoords^^th tie cost to a rtiaoimum fast feed speed Theinput video signal is first dividedhymedWdadMa 
capable of remroduani! racture imacei can he inrmj.^ In t. h «~7ua _j TT< 



_„,„, „ f . . — ' *"~ « oe input vweo signal is ttrst drvided by the divider 404a 

^^l^^^ UaVe * Cmbeiami,edtn 45 ^ two, Ugh ar^ iSTfrequency barid iorrrrx^ «ch 
^ht^^f ^ c«nponent being divided into two, horizc^ and verticaL 

^^^^TT t ^ Ami ^ a0 ^ segments. ThTtotermedlate between the high !nd low^ 
tontr^ittoneedleastoaaythataii^ qu «cy ranges i, a dividing point nccordiX tte anborfr 

foed^v^^l ^ ^ ^Her^tfthefa^ut*^ 

^j^* °P exai1011 ^ a f oord ^ c * wlm the present so lOWVHneveru^reMtatiwi.H^^ 
to^fion« long as an encoding of picture images to of of 5W HnesandarKarantalre^onof afc 

»T152^ ^ , Bach of two, horizontal and vertical, data of me low 

tal Vt^S^^L* ««ventiottal n^-rtmltjple digi- frequency c^rnponcrtt is further divided by the divider 
tal VCR, in which picture images are highly compressed, 404c Into two frequency band segments. Hence, an H V 

^T. f^J^f T 1 * T***^ it was not pos- 55 segn^oul 1 artto2501mes M me^erSres^onandW 
able m a fast feed playback operation to reproduce ril the of the trigtoal horizontal resolution. This <>ut«7of the 

2^^^ api ^ ,rC P lanC ? theMmCtimC -' niC livider 404c which is termed as an LL s^is the^ 
picture reproduced was the one consisting of a plurality of compressed by the conmressor 405a to a D d«..i 

-ni ZSZ, „ , , ... H^^nd H H \„ form the divider 404* are mixed 

to^«^T^ Tf 1 !^ 001 ^^ ^ I™** 65 by » 77ii to an H^H aignal. If the input sig^uls 
T^ ,a L a ^ SOlUfl0n •« »^ « 1000 line, to oom bcrizontalTd vSScat 

signal such as HDTV signal when the reccrdtog/jaayback resolution, H W V„-H has 500 to 1000 lines of a horizontal 
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and a vertical resolution. H^V^-H is fed to the divider 404* proportion to (he ON rate. Mae specifically, the quality of 

where it is divided again into four components. a reproduced picture will be increased as the distance from 

^ Similarly, from the divider 404* has 500 to 750 a transmitter antenna becomes smalL When b=Ld, LL 

hues of a horizontal and a vertical resolution and transferred component is reproduced. When L=Lc, LL+LH signal is 

ZZ^n^v ^ STS 5 reproduced. When ULb, LL+LH+HL signal is rnpr^uced. 

2S?f ^« i V fiJW» / ?«y* ^ ? e When Uia, LL+LH+HL+HH signal braroduced. As the 

T^12Z 1 ™j£*- ha %TL UA £r? ai , t^^oandwidth of the cr^^uZrrictoe 
resolution and arc mixed by a mixer 7726 to an HH signal J7Z • . A . c Jv*^"r . * , 

which is men compressed by the compressor 405d2id 

deHveredasaDaTs^ f^f^ ™ *f rcca ^°« i arca - ff * c <*ig"*l is an 

isdelfrercdasafC^ 10 ^^J*^?^ * reproduced TV 

a treoucocy data of 0 to 250 lines, LH or D, - carries a sigMl u ^ ^ 750, and 1000 lines in the resolution at 
frequency data from more than 250 lines up to 500 lines, HL tbeir respective receivmg areas. The p 
or D a _, carries a frequency data of more man 500 lines up be varied at steps depending on the level of a signal FIG. 96 
to 750 lines, and HH or D^? canies a frequency data of more snows thc propagation of a conventional digital 

than 750 tines to 1000 lines so mat the divider circuit 3 can 15 HDTV signal transmission system, in which no signal 
provide a four-level signal Accordingly, when the divider reproduction will be possible when the C/N rate is less than 
circuit 3 of the transmitter 1 shown in FIG. 87 is replaced Vi. Also, signal interception will hardly be guaranteed at 
with the divider circuit of FIG. 93, the transmission of a signal interference regions, shadow regions, and other signal 
four-level signal will be implemented. attenuating regions, denoted by the symbol x, of the service 

The combination of multi4evel data and multi-level trans- 20 area. FIG. 97 shows the signal propagation of an HDTV 
mission allows a video signal to be at steps declined in the signal transmission system of the present invention. As 
picture quality in proportion to die C/N rate during shown, the picture quality will be a full 100O4ine grade at 
transmission, muscootribuluig the distance La where GAfea, a 750-line grade at the 

broadcast service area. At me receiving side, the action of distance Lb where C/N=b, a 500-line grade at the distance 
dr ano dnlati on and reconstruction is identical to that of the 25 Lc where Cflfc=c and a 250-line grade at the distance Ld 
second receiver of the second embodiment shown in FIG. 88 where C/N=d Within the distance La, mere are shown 
and will be no more explained. In particular, the mixer 37 is unfavorable regions where the OS rate drops sharply and no 
modified for video signal transmission rather than data HDTV quality picture will be reproduced. As understood, a 
commmica dooj and will now be explaine d in more detaiL Iowa picture quality signal can however be intercepted and 

As described in the second embodiment, a received signal so reproduced according to the multi-level signal transmission 
after d emodulate d and error corrected, is fed as a set of four system of the present invention. For example, me picture 
c on mon et its D t . tt Dj.* D^ lt to the mixer 37 of the quality will be a 750-line grade at the point B in a building 
second receiver 33 of FIG. 88. shadow area, a 250-line grade at the point D in a running 

FIG- 94 Is a block diagram of a modified mixer 33 in train, a 750-line grade at the point Fu a gbost developing 
which Dj.j, D l 2f D^j, are explained by their respec- 35 area, a 250-line grade at the point G in a running car, a 
tive expanders 523a, 5236,523c,523JtoanLL,andLH,an 250-line grade at the point L in a neighbor signal interf er- 
HL> and an HH signal respectively which are equivalent to ence area. As set forth above, the signal transmission system 
those described with FIG. 93. If the bandwidth of the input of the present invention allows a TV signal to be success- 
signal is i, LL has a bandwidth of K, LL+LH has a fully received at a grade in the area where the conventional 
bandwidth of ft, LL+LH+HL has a bandwidth of 94, and 40 system is poorly qualified, thus increasing its service area. 
LL4LH+HL+HH has a bandwidth of 1. The LH signal is FIG. 98 shows an example of gjaadtaneo us broadcasting of 
then divided by a divider 531a and mixed by a video mixer four different TV program*. In which th™* q,««ty r^g^nr? 
548a with the LL signal An output of the video mixer 548a C, B, A are transmitted on men* respective channels D t „ 
is transferred to an H L V L terminal of a video mixer 548c. D^, Dj. 2 while a program D identical to that of a local 
The video mixer 531a is identical to mat of the second 45 analogue TV station is propagated on the D 14 channel 
decoder 527 of FIG. 32 and will be no more explained. Also, Accordingly, while the program D is kept available at 
the HH signal is divided by a divider 53 lb and fed to a video simulcast service, the other three programs can also be 
mixer 548*. At the vicV»inixer548fr,u^HH signal is distributed on air for offering a multiple program broadcast 

with the HL signal to an H^V^-H signal which is men service, 
divided by a divider 531c and sent to the video mixer 548c. 50 Embodiment 8 

At the video mixer 548c, H^V^-H is combined with the sum Hcrdnaftcr, an eighth embodiment of the present inven- 
signal of LH and LL to a video output The video output of tion wOl be explained referring to the drawings. The eighth 
the mixer 33 is men transferred to the output unit 36 of the embodiment employs a multi-level signal transmission sys- 
second receiver shown in FIG. 88 where it is converted to a tern of the present mvention tor a transrnttterAeceiver in a 
TV signal for delivery. If the original signal has 1050 lines 55 cellular telephone system. 

of vertical resolution or is an HDTV signal of about 1000- FIG. 115 is a block diagram showing a transmitter/ 
line resolution, its four different signal level components can receiver of a portable telephone, in which a telephone 
be intercepted in men: respective signal receiving areas conversation sound inputted across a microphone 762 is 
shown in FIG. 91. compressed and coded m a compressor 415 into multilevel, 

The picture quality of the four different components will 60 D lf D* and D„ data previously described. These D lt 
be described in more detaiL The flmstiation of FIG. 92 and D 3 data are time divided in a time division circuit 765 
represents a combination of FIGS. 86 and 9L As apparent, into predetermined time slots and, then, in a 

when the ON rate increases, the overall signal level of modulator 4 into a main-level, eg. SRQAM, signal previ- 
amount of data is increased from 8624 to 862a by steps of ously oVscribed. Thereafter, an antenna sharing unit 764 and 
four signal levels D,.„ D 2 . lt D^. 65 an antenna 22 trarismit a carrier wave carrying a modulated 

Also, as shown in FIG. 95, the four different level signal, which wffl be intercepted by a base station later 
components LL, LH, HL, and HH are accuinulated in described and further transmitted to other base stations or a 



5,802,241 

65 66 

XtSTeT eX *" ne * 8035,0 COn,mUnicS,C with and 770a taken along a line A-A. The receiving cells 768 
n n a/ ^fr.'n, ^ , and 770 utilize frequencies ctf a channel group A, while the 

signals from ofter telephones. A received a^TS , ^SlfSj ?JS? *"* ^"SP T** *" 
latedin a multiple-level, e.g. SRQAM, typcdemoduUteS SWP A. The base station controller 774 shown in FIG. 116 
into D t , D 2 , and D 3 data. A timing circuit 767 detects limine '^"f* W *? reaSCS channd number <* mcsc i» 
signals on the basis of demodulated signals. These timinl accordance with the tadfic amount of respective receiving 
signals arc fed into the time division circuit 765. Demodu- ' 118, * dia « ram *=A represents a distribution 

lated signals D„ t> 3 , and D 3 are fed into an expander 563 and of a communication amount of the A channel. A diagram 
expanded into a sound signal, which are transmitted to a 10 (t=B represents a distribution of a communication amount of 
speaker 763 and converted into sound. the B channel. A diagram d= A+B represents a distribution of 

FIG. 116 shows a block diagram exemplarily showing an a communication amount of all the channels. A diagram TP 
arrangement of base stations, in which three base stations represents a communication traffic amount, and » diagram P 
771, 772, and 773 locate at center of respective receiving shows a distribution of buildings and population, 
cells 768, 76Vand 770 of hexagon or circle. These base " The receiving cells 768, 769, and 770 enmloy the muM- 
stftonsTJl, 772, and 773 respectively has a plurality of level, eg. SRQAM, signal transmission system. Therefore, 
toinsmtter/recdver urUts 761a"76V each similar to that of it is possible to obtain a frequency utilization efficiency of 6 
^^^^^^^^ three times as large as 2 bit/Hz of QPSK, in the 

«^ ^^^^ t^stnitter/receiver units. Abase vicinity of the base stations as denoted by data TWo 776* 
^^T^^ hWOa ^^ Mtbe J mC ' mo0t " " ad ^ Meanwhile, the frequency utiSon^fficL,£ 
2i tZ?LZfT L C ™ DlCati0n - ^ amOUnt * at steps &om6bi t ^ to 4bitmz,^4wS 

^^LI^Z ^Z 0 . monitorin « the base 2 tot/Hz, as it goes to suburban area, ff me transmtsrion 

including allocation erf channel frequencies to respective the receiving cells, denoted by dotted fines 777a 7TO 
baac^orcomrdtf^^ * T^cVof^sSwever, an S»g cJIffl 

FIG. 117 is a view showing a traffic distribution of Z^^*^**^**"*^ 
ZTTSZ^ZTJ* * "T^tT^ fJS 8 * Tittsm»ting*cceivmg operation of a mobile station 

HfE,tVT S t ?tZL 4a saving capable of re<5»«di»gtoa«SRQAM agnal is caxrSout 

^^^^f^5^^i^^^ ,dk8r,md=B 30 ^ ^ of modified QreK, which is obSby^Tsh^ 

ration efficiency of 2 bit/Hz is unifc*rrdydistrihuted. 35 p^dwmtQPSlL 

i^ICm J? 8 ^ * J** uI «* 0 1 » m aaactua! urban area is Furthermore, 4 SRQAM type traasroitteiAeceiver, whose 
^Z^1^ a ™ dtAmta J7 Sa '7' Si > U * iT ' Se «»^nmon i, dm^ifiedT^wnln^ Wo^ 

^S^r^^ 77 ^ diagram of FIG. 121, wOl bTabteTcomnumicate witit 
seating a commnnlcation traffic amoont shows several peaks telephoi^whik maintaining comn^^ 

ZZZZiZlZ' ^5^5f ■»» Uock diagram tfmttJutmo^tedi^Mi! 

commmtotftoo amount A ca^dty of. conventional cet telephones having different modulation ayatemf^ffl [be 

^J£?T J£ ^f 011111 ^ ret to 2 bltmx frequency provided. Small [fa die and light in wdght TimJorSn fa 

efficiency at entire region as shown by the data 7744 portable telephones. In tnis regard, ti*4 SttfKwsfcm 

J^^^^^^JT^" 9 rfBde0Cy who want a .mall and light telephone although 

"P^'of traffic amount In order to compensate frequency utilization efficiency Ttow^mdffitwforeXof 
ln ^^. conventional systems have allocated c^ may fiurease. IntoinWlhri^X^oi 
= firem^endes to the regions having a targe traffic systeTcan suit for a wS v^of ulgT^ 
Z^^^ C ^ Dl ^ ,W f <X:rCa ^ ,he,ecdv - 30 As is explained above, me tian^riM 
nu^hfr ?« ^«^, £ toCrCaSC ° f ChaMd distribution tike d=A+B of FIG. 118, wh^Tc^^ is 

R^Ldl . by S e fre< n««cy spectrum. locally altered, is accomplished. Therefore, an ovffire- 

£^ n ^ ^^^f 1 "»W-tev*J, eg. 16 QAM or 64 quency utilization^ctelcy wfll be^nuS ^tiveK 
™ ^^T^f^.J y!t T i e?? aSe transmiraion inrj^ed if layout of basestetions is determined tofetoml 
K*"*? wrfwcd^cdlwlUJiiAice-JitaaMse 5S actual tratfic amount denoted by TF. B^pedaUy, dfectcf me 
*T^1^ C ^' toto ^^ insta,Mo,,wst P^ent invention wfll be large! a n^cefi JsteTwhose 
JLt^ft iT!!. Vement rf " ^ W receiving cells are smalleTand therefore 
hf^?uJ^^ ^ nCy "ft* 1 **™ nations are required. Because a large number of sub ba^ 

^'"X ^ ^ de ^ e stations can be easily installed at fee place havingTl«g1 

efficiency of the region having a smaller traffic amount A 60 traffic amount urge 

n^!™r S^T^^Jf - t T, ,n "^f* 41106 ^ Neat, data assignment of each time slot wfll be explained 

5h^^1Z^^t , f ,l . 1li! referring to FIG. 1», wh^rin FIG. 119( a ) shows a^nyeT 

^,^nt?w ^ ^^L^ f" 3 - 118 showin 8 a tional time slot and FIG. 119(fc) shows a time slot accurdme 

c^m^fcation amount & traffic distribution in accordance to the eighth entbodimenTThe conventionaT V^P^- 
M„^- f^fi^ 1 ^ ^ Se ° l iBvcntion - « forms a down, Le. from a base station ton tarnina] station, 

T^^' ™, , U * ?°* S ^ttmunication transmission as shown in FIG. 119(a), in which a sync signal 

amoums 01 respective receiving cells 77«b, 764, 769, 770, S is transmitted by a time slot 780a and transmission signals 
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to respective terminal stations of A, B, C channels by tune or three transmission capacities. If the frequency utilization 
slots 78W>, 780c, 78W respectively at a frequency A. On the efficiency is lowered, power consumption will be decreased, 
other hand, an up, ix. from me mobile station to the base If the frequency utilization efficiency is selected higher, 
station, transmission is performed in such a manner mat a communication cost will be saved. Moreover, adoption of a 
sync signal S, and transiiussion signals of a, b, c channels are 5 4 SRQAM having smaller capacity wfll simplify the dr- 
transmitted by time slots 781a, 78U>, 781c, 781o* at a cuitry and reduce me size and cost of the telephone. As 
frequency B. explained in the previous embodiments, one characteristics 

The present invention, which is characterized by a multi- of the present invention is that compatibility is ma inta i ned 
level, eg. 64 SRQAM, signal transmission system, allows to among all of associated stations. In this manner, the present 
have three-level data consis t ing of D t> D 2 , D 3 of 2 bit/Hz as to invention not only increases transmission capacity but 
shown in FIG. 119(6). As both of A 4 and A^ data are allows to provide customers a wide variety of series from a 
transmitted by 16 SRQAM, their time slots have two times super mini telephone to a high performance telephone, 
data rate as shown by slots 7826, 782c and 7836, 783c. Jt Embodiment 9 

means the same quality sound can be transmitted by a half Hereinafter, a ninth embodiment of the present invention 
time. Accordingly, a time width of respective time slots 15 will be described referring to the drawings. The ninth 
7826, 782c becomes a half. In this manner, two times embodiment employs this invention in an OFDM transmis- 
transmission capacity can be acquired at me two-level sion system. HO. 123 is a block diagram of an OFDM 
region 776c shown in FK3. 118, Le. at the vicinity of the base transmitter/receiver, and FIG. 124 is a diagram showing a 
f** 00 - principle of an OFDM action. An OFDM is one of FDM and 

In the same way, time slots 7XZg t 783g carry out the 20 has a better efficiency in frequency utilization as compared 
transmission/reception of El data by use of a 64 SRQAM with a general FDM, because an OFDM sets adjacent two 
signal As me tra nsmissio n capacity is three times, one time carriers to be quadrate with each other. Furmermcre, OFDM 
slot can be used for three channels of E t , E,. This would can bear muMpath obstruction such as ghost and, therefore, 
be used for an area further close to the base station. Thus, up may be applied in the future to the digital music broadcast- 
to three times communication capacity can be obtained at 25 ing or digital TV broadcasting. 

the same frequency band. An actual transmission efficiency, As shown in the principle diagram of FIG. 124, OFDM 
however, would be reduced to 90%. It is desirable for converts an input signal by a serial to parallel converter 791 
enhancing the effect of the present invention to coincide the into a data being disposed on a frequency axis 793 at 
transmission amount distribution according to the present intervals of lAs, so as to produce subchannels 794a"794*. 
invention with the regional distribution of the actual traffic 30 This signal is inversely FFT converted by a mnAii^ 4 
amount as perfect as possible. having an inverse FFT44 into a signal on a time axis 799 to 

In fact, an actual urban area consists of a crowded produce a transmission signal 795. This inverse FFT signal 
building district and a greenbelt zone surrounding mis is transmitted during an effective symbol period 796 of the 
building area. Even an actual suburb area consists of a time period ts. A guard interval 797 having an amount tg is 
residential district and fields or a forest surrounding mis 35 provided between symbol periods, 
residential district These urban and suburb areas resemble Atiansmitingflreceiving action of HDTV signal in accor- 
the distribution of the TF diagram Thus, the application of dance with this ninth ernbodiment will be explained refer- 
the present invention wfll be effective. ring to the block diagram of FIG. 123, which shows a hybrid 

FIG. 128 is a diagram showing time slots by the TDMA OFDM -OCDM system. An inputted HDTV signal is sepa- 
method, wherein FIG. 12#(a) shows a conventional method 40 rated by a video encoder 441 into three-level, a low fro- 
and FIG. 12#(n) shows the present invention. The conven- quency band D 1-lt a medium-low frequency band D^, and 
tional method uses time slots 796a, 786o for transmission to a Hgh-medinm-low frequency band D* video signals, and 
portable phones of A, B channels at me same frequency and fed an input section. 

time slots 787a, 7876 for transmission from the same, as In a first data stream input 743, D, t signal is BCC 
shown in FIG. 124(a). 43 encoded with high code gain and D^ 2 signal is BOC coded 

On the contrary, 16 SRQAM mode of the present inven- with normal code gain. A TDM 743 performs time division 
tion uses a time slot 7B8a fcr reception of A t channel and a muln^exing of D UI and D x . 2 signals to produce a V i signal, 
time slot 788c for transmission to A x channel as shown in which is men fed to a D x serial to parallel converter 79U in 
FIG. 124(c), A width of the time slot becomes approxi- a modulator 852a. D t signal consists of n rncces of parallel 
matdy Yl In case of 64 SRQAM mode, a time slot 788i is 50 data, which are inputted into first inputs of n pieces of 
usedforreceptkmofDidiatt^ C-CDM modulator 4a, 4fr, - - - respectively. 

f0C tnumni$sk)Q to D i channel. A width of the time slot On the other hand, the high frequency band signal D 2 is 
becomes approximately !A. fed into a second data stream input 744 erf the mput section 

In order to save electric power, a transmission of B t 742, in which D 2 signal is EOC (Error Correction Code) 
channel is executed by use of a normal 4 SRQAM time slot 55 encoded in an ECC 744a and then TVeflis encoded In a 
788r while reception of E 4 channel U executed by use of a Trellis encoder 7446. Thereafter, the D 2 signal is supplied to 
16 SRQAM time slot 788p being a Yi time slot Transmission a D 2 serial to parallel converter 79Lb of the modulator %Sla 
power is surely suppressed, although communication cost and converted into n pieces of parallel data, which are 
may increase due to a long occupation time. This wfll be inputted into second inputs of the n pieces of C-CDM 

effective for a small and light portable telephone equipped 60 modulator 4a, 46, respectively. 

with 1 small battery or when the battery is almost worn out. The C-CDM modulators 4a, 46, 4c respectively 

As is described in the foregoing description, the present produces 16 SRQAM signal on the basis of D a data of the 
invention rnakes it possible to determine the cttstribution of first data stream input and D 2 data of the second data stream 
transmission capacity so as to coincide with an actual traffic input These n pieces of C^HDM nMxlulto rc^pectivdy has 
distribution, thereby increasing substantial transmission 65 a carrier different from each other. As shown in FIG. 124, 
capacity. Furmcrmore, the present invention allows base carriers 794a, 7946, 794c, - - - are arrayed on the frequency 
stations or tenninal stations to freely select one among two axis 793 so that adjacent two carriers are 90°-out-of-phase 
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with each other. Thus C-CDM modulated n pieces of modu- received when (he ON rate is less than a predetermined 

lated signal are fed into the inverse FFT circuit 40 and value because Us signal transmission pattern is non of a 

mapped from the frequency axis dimension 793 to the time multi-level type. 

axis dimension 794. Thus, time signals 196a, 79<fc - - - , However the present invention can solve this disadvan- 

having an effective symbol length ts, ire produced. There is 5 tage by combining the OFDM with the C-CDM, thus 

provided a guard interval zone 797a of Tg seconds between realizing a gradatioaal degradation depending on the ON 

7% *' inofderto wtc In a video signal reception without bemg disturbed by 
reduce multipart obstruction. FIG. 129 is a graph showing multipart. 

S^^^^^^^4^.^ mgMrf When a TV signal is received in a compartment of 
time Tg of the guard interval band 797a is determined by to vehicle, not only the reception is disturbed by multipart but 
taking account of multipart affection and usage of signaL By the ON rate is deteriorated. Therefore, the broadcasUavice 
se^ thej^ time Tg longer than the miiltipath affected area of a TV broadcast station will not be expanded as 
tone, eg. TV ghost, modulated signals from the inverse FFT expected if the countermeasure is only for multipart 
circuit 44 are converted by a parallel to serial converter 4e On the other hand, a reception of TV signal of at least 
into one signal and, then, transmitted from a transmitting is LDTV grade will be ensured by the combination with the 
circuits as an iRF signaL multi-level transmission C-CDM even if the ON rate is 

Nest, an action of a receiver 43 wfll be described. A faidy deteriorated. As a picture plane size of an ai^ 
SSfX^M^: f 140 ^ « time^asc symbol aigiial 796e of vehicle TV is normally less than 10 inches, a TV signal of 
™'™> i « taf an input section 24 of FIG. 123. Then, an LDTV grade wfll provide a satisfactory r^™ ty. 
zLf!^**ag? ^T^^ 11110 ■ «feaal in a 20 Thus, the LDTV grade service area of automotive vehicle 
AariodulatorlK2^and further changed into Fourier coeffi- TV will largely expanded, ff an OFDM is used in an enure 
Jw*Jf *™^2^te+^m^* m *e frequency band of HDTV signal, present serniconductor 
toe Mis 799 to the frequency axis 793a as shown in FIG. technologies cannot prevent circuitry scale from increa^ 
mTnatis,mctime4xai*symbd sofar. 

frequency-tose carriers 794a, 794*, - - - . As these carriers 25 Now, an OFDM method of traiismitting only D, , of low 
m in quadrature rdatioiu^ frequency band TV signal wffl be chained below. As 

to separate respective modulated signals. FIG. 125(b) shows shown in a block diagram in FIG. 138, a medium frequency 
thus demodulated 16 SRQAM signal, which is men fed to band component D l a and a high frequency band component 
r«pec^eC^Mdemcdulato D 2 ofanfflyTV signal are multiple 

k wnich demodulated 16SRQAMsigiialis 30 4a, and men traiismitted at a frequency band A through an 
demoAuated into multi-level sub signals D x , D 2 . These sub FDM 4tdL 

signals D t and D a are further de m odnl at ed by a D t parallel On the other hand, a signal received by a receiver 43 is 
to«^ converter 8S2aaM first of all frequency separated by an FDM 44* and, then, 

«^ intoongimd D t and D, signals. demodulated by a C-CDM demodulator 4fr of the present 

Stace the signal transmission system is of C^M multi- 35 invention. Thereafter, thus C-CDM demodulated signal is 
llrJT^ to pSfb), both D l and D 2 signals wfll be reproduced into medium 

HDTV i^the same way as in FIG. 123. An operation of a 
SSL video decoder 4«2 is identical to thatch 1, % 

receiving condition. Demodulated D t signal is d em od ul ated and 3 and wffl no more be explained, 
man outotf section 757. As D^ri 40 Meanwhile, the D t .j signal, a low frequency band signal 

gain « compared wim the of MPEG 1 grade of HDTV, is converted by a serial to 

n«n*l is reproduced even under worse receiving con- parallel converter 791 into a parallel signal and fed to an 
^£*'~ tJ OFDM modulatory, which executes QPSK or 16 QAM 

Tbe ngnal is converted by a 1-1 video decoder 402c nwdulation-Subseo^entry^eDi , signal is converted by an 
into alow fiequeiicy baud 45 inverse FFT 4# into a time-base signal and transmitted at a 

and the D U2 signal is converted by a 1-2 video decoder 4*ld frequency band B through a FDM 4*1 
intoa medium frequency band signal and outputted as On me other hand, a signal received by the 
E ?* V V *. * frequency separated in the FDM 4t* and, then, converted 

llic D 3 signal isTrdhs decoded by a Trellis decoder 7596 into a number of frequency-base signals in an FFT 4«c of an 
amr converted by a second video decoder 4#2» into a liigfc so OFDM modulator 852J. Thereafter, frequency-base signals 
frequency band signal and outputted as an HDTV signaL are demodulated in respective demodulators 4a, 46, - - -and 
Namely, an LDTV signal is outputted in case of the low are f ed into a parallel to serial con verter 882a, wherein a D 
fluency band signal only. An EDTV signal of a wide t signal is demodulated. Inns, a D. . signal of LDTV grad 
Kl^C grade is outputted if the medium frequency band is outputted from the receiver 43. 
sismal a added to the low frequency band signal, and an 55 In mis manna; only an LDTV sigiial is OFDM mcdiila^ 
HDTV signal is produced by adding lew, medium, and high in the multi-level signal transmission. The method of FIG 
frequency band signals. As well as the previous 138 makes it possible to provide a compUcated OFDM 
embodiment, aTV signal b^vmgaricturequiHty o^^ding circuit only for an LDTV signaL A bit rate of LDTV signal 
ona receiving ON rate can be received. Thus, the ninth is t£o of that of an HDTV. Therefore, me circuit scale of the 
emoc<nmeut realizes a novel multi-level signal transmission <so OFDM wiU be reduced to Vx>, which results in an outstand- 
systexn by combining an OFDM and a C-CDM, which was ing reduction of overall circuit scale. 
M /*^,^ ttc OroM alone. . An OFDM signal transmission system is strong against 

An OFDM is certainly strong against mulupath such as mulupath and will soon be applied to a moving statioaTsuch 
TV ghost because the guard time Tg can absorb an inter- as a portable TV, an automotive vehicle TV, or a digital 
rexenccsignal of nnlbpath. Accordingly, the OFDM is ft miiste broadcast iecriver,whi^ 

apgicabte to the digital TV broadcasting for automotive variable mumpath obstruction. For such usages a small 
vehicle TV receivers. Meanwhile, no OFDM signal is picture size of less than 10 inches, 4 to 8 inches, is the 
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mainstream- It will be thus guessed that me OFDM modu- modulated Into the earners f <r 4 e by me modulators 4d-4f 
lation of a high resolution TV signal such as HDTV or having ordinary amplitude and, then, are OFDM modulated 
EDTV will bring less effect In other words, me reception of in the inverse FFT 40. Then, these OFDM modulated signals 
a TV signal of LDTV grade would be sufficient for an are transmitted from the transmit circuit 5. 
automotive vehicle TV. 5 A signal received by the receiver 43 is separated into 

On the contrary, multipara is constant at a fixed station several signals having carriers of through the FFT 4«a. 
such as a home TV. Therefore, a countermeasure against The carriers f ,-f 3 are demodulated by the demodulators 
multipara is relatively easy. Less effect will be brought to 45o-45c to reproduce the first data stream D„ Le. the first 
such a fixed station by OFDM unless it is in a ghost area. layer On me otherhand, the carrier 
Using OFDM for medium and high frequency band com- 10 lated by the demodulators 4«-45/to reraoduec the second 
ponents of HDTV is not advantageous in view of present data stream D 2 , Le. the second layer 801*. 
circuit scale of OFDM which is still large. The first layer 8ofe has so large electric power that it can 

Accordingly, the method of the present invention, in be received even in a weak-signal area. In this manner, the 
which OFDM is used only for a low frequency band TV PW-OFDM system realizes the two-layer multi-level signal 
signal as shown in FIG. 138, can widely reduce the circuit 15 transmission. If this PW-OFDM is combined with the 
scale of the OFDM to less than tto without losing inherent C-CDM, it wiU become possible to provide 3-4 layers. As 
OFDM effect capable of largely reducing multiple obstruc- the circuit of FIG. 144 is identical with the drcuil of FIG. 
tk>ncf IXJTVwhenrecervoiatamobflesUd 123 in the ranauung operations a«^ 

automotive vehicle. be explained 

Although the OFDM modulation of FIG. 138 is per- 20 Next, a method of realizing a mulfrlevel si^ 
formed only for D w signal, it is also possible to modulate sion in Ttae-Weighted-OFDM (Le, TW-OFDM) in acoor- 
both D w and D w by OFDM. In such a case, a C-CDM dance with the present invention will be exjilaincd. Although 
two-level signal transmission is used for transmission of the OFDM system is accompanied with the guard time zone 
Dj.j and D^j. Thus, a multi-level broadcasting being strong t, as previously described, adverse affection of ghost will be 
against maltip atfa will be realized for a vehicle such as an 25 eliminated if me delay time t M of me ghost, Le. nuifflpata, 
automotive vehicle. Even in a vehicle, the gradational gradu- signal satisfies the requirement of t^_ The delay time t* 
ation will be realized in such a manner that LDTV and will be relatively small, for example in the range of several 
SDTV signals arc received with picture qualities defending us, in a fixed station such as a TV receiver used for home 
on receiving signal level or antenna sensitivity. use. Furthermore, as its value is constant, cancellation of 

The muni-level signal transmission according to the 30 ghost wifl be relatively easily done. On the contrary, 
present invention is feasible in this manner and produces reflected wave will increase in case of a mobile station such 
various effects as previously described Furthermore, if the as a vehicle TV receiver. Therefore, me delay time t*, 
multi-level signal transmission of the present invention is becomes relatively large, for example in fh^ nn^ r^ •~?*r»\ 
incorporated with an OFDM, it will become possible to ten* Furthermore, th* nm gnJt«A» r>f varies in response 
provide a system strong against nuimpam and to alter data 35 to the running movement of the vehicle. Thus, cancellation 
transinission grade in accordance with receivable signal of ghost tends to be difficult Hence, the multi-level signal 
level change, transmission is key or essential for such a mobile station TV 

FIG. 126(a) shows another method of realizing the mumV receiver in order to ehminate adverse affection of mnfttpnth 
level signal transmission system, wherein the subchannels The multi-level signal transmission in accordance with 
TMo-794c of the OFDM are assigned to a first layer Mia 40 the present invention wiU be explained below. A symbol 
and the subchannels 794rf-794f are assigned to a second contained in the subchannel layer A can be intensified 
layer M lb. There is provided a frequency guard zone 8#2a against the ghost by setting a guard time t of the layer A 
off, between these two, first and second, layers. HO. 126(6) to be larger than a guard time t^ of the layer B as shown in 
shows an electric power difference 8#26 of Pg which is FIG. 146. In this manner, the multi-layer signal transmission 
provided to dlffcrenuate the transmission power of the first 45 can be realized against mulnpath by use of weighting of 
"^^^ Uym mU «oard time. This system is referred to as Guard-Hrne- 

Udhzation of this differentiation makes it possible to Weighted-OFDM (Le. QTW-OFDM). 
increase electric power of the first layer 9$U in the range ff the symbol number of the symbol time Is is not 
not obstructing the analogue TV broadcast service as shown different in the layer A and In the layer B, a symbol time t 
in FIG. It8(</) previously described. In mis case, a threshold 50 of the layer A is set to be larger than a symbol time t^ of the 
value of the C/N ratio capable of receiving me first layer layer B. With this differentiation, a carrier width Ara of the 
ttto becomes lower than that for the second layer Ml* as carrier A becomes larger than a carrier width Arb of the 
shown in FIG. 198(e). Accordingly, the first layer Mia can carrier B. (Ara>Afb) Therefore, the error rate becomes lower 
be received even in a low signaUevd area or in a large-noise in the demodulation of the symbol of the layer A compared 
area. Thus, a two-layer signal transmission is realized as 55 with the demodulation of the symbol of the layer B. Thus, 
shown in FIG. 147. This is referred to as Power- Weighted- the differentiation of me laym A and B m the weighting of 
OFDM system (Le. PW-OFDM) in this specification, ff mis the symbol time Ts can realize a two-Uyer sigiial transmis- 
FW-OFDM system is combined with the C-CDM system sion against muhipam. This system is referred to as Cama:- 
rsreviously explained, three layers will be realized as shown Spadng-WeightedOFDM (Le, CSW-OFDM). 
in FIG. l#8(e) and, accordingly, the signal receivable area 60 By realizing the two-layer signal transmission based on 
wfil be conespondingry expanded. the OTW-OFDM, wherein a low-resolution TV signal is 

FIG. 144 shows a specific circuit, wherein the first layer transmitted by the layer A and a high-frequency component 
data passing through the first data stream circuit 791a is is transmitted by the layer B, the vehicle TV receiver can 
nwdulated into the carriers f t -f s by the modulators 4ch4c stably receive the low-resolution TV signal regardless of 
having large ampUtude and, then, are OFDM mcnlulated in 65 tough ghost Furthermore, the multi-level signal transmis- 
the inverse FFT 4*. On the contrary, the second layer data sion with respect to the C/N ratio can be realized by 
passing through me second data stream circuit 791* is differentiating the synibol time t, based on tte 
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portable or vehicle TV ncrim ™„ t~ !T c °P m V can oc Therefore, it is possible to ensure 

^w^TJ^^l J^™ J^^T ™* * C piamc quaU, y L 01 ^ 8^ A" 10 "* transmission 
- * without substantially efficiency is slightly decreased, the oiorrate caThT^- 

BwltiSer to ^^ ^o^b^^.^ ^ y ' £ U U * e C<:DM ^ F«e«t invention is 

£v£ ^S^SfL 8 SWiffUSflC 20 ^tt'^S-^^^^^ 

A rf^ ZXJT^i ^? 145(a), the high in the order of the first, second, and third layers so as 

SS^^^^T^ *«»«<1 Were can be revived to realize the multi-layer signal transmisstoT 

c^te^rd S2^S? 2? be a d ^f taL 00 * e At the «me time, the mtdti-lay^S transmission 

ffC^vt^i ^^ effective to ON ratio can be realiW^n^nmgT 

S^^^eLttTreLvS sK ™h * CS ™" ^ &C «W-OFDM, a L3e^LS 
«« ^ ^uuu iayci cannoc dc received sinoe its guard mold-layer signal transmission is lealizfid wirti rwrr^f t« a* 

■^SLlT!?- ^^<^.befag bothered by the described previously, it is possible to combine the CSW* 
^L^fT 1 - T-Vi As OFDM and the CCDM ofaL preserU^v^c* fcrcl 

S^L^w^ f^"^,^ Wgh-frequeucy 30 venting the overall transmission SySbdSl^ 
component of TV signal. Tbe A signal includes the tow- ered. In the first, 1-2, and 1-3 lavosMlZ jSl^ ™?i<?Z 

Il^J^^f the U3TV signal. Furthennore, as the example, the veWdeTV recdver^ertedto AelJ« 

^ TZS^^T^J^ "?!L 35 " U md ^dard^somtion SDTV^SS 

tu^t^^T^ oorflhejpiardtaie.ndthe.vinbol can be received by die fixed oc stationary atationlocatoLfor 
^l^Z^f^ZZV^^ waM ^ «^e, in tire Mnge of the serviced wni* iTg^X 
S m S m ^ ^ in a simple manner. If the subjected to the to^ ON tatto and ghost In AethM^raer 
ftTSSr fiTl^ ^ t ^ ed 1,16 CCDM "I- which occupies mere than batfS ^e^Ttt^ 
SuS^efltc^ t^^ ^- 1 ?? 40 ™TV grade^Jcnn be received since £e^*tiV£ 



N^T rl, . this manner, i twcMhmcnsionZn^Uyerlro^ s<r- 

tS^KiSS^^^^TL^ vkeefiectrvetobotttheCWnUlo^d^lS^^ 

m r£^ST™iST^ rf^ieoivingj^becnmea, realized by the combination of the CTW-OFDMand the 

^S^^^^ ytUDcTl ' beComcs Bcc * asc ' 43 C-CDM or the combination of the OTW-QFDM «nd tt£ 

ttflS^Z^ZttVJ?^™' CSW-CCDM in accords wrffi thV^ taction! 

s^Z^n^Z! , ^l^ 48 ' tf t 5 e „ IVU Thus, the present Invention realizes a^tirn^oZ 

StS^rfft^S^VS^^^^ signal trwtsmisstonTvsten^ctivt 

, * ^MwmbeoHM possible to reodvc so been realized by the prior art tednKdotiea. 
^s^even fir tire worst condition if the Tg is set to be A, timtag JL off£ee iSmJSR SDTV, LDTV) 

AaxHdimzly as shown In <w»n i„ Frn<= no, v ^8nal in a two-dimensional multilevel broadcast 

lA^TitZzr' " !/2L7«??^ to H 9?- 149 < a > and or three C7N levels and three multipath levels is shown in 
2X™^X^ , , ^ seec^ Ml*, and third FIG. 15Z As shown in the S^SeuS-? Zat 
Sfllc layers are assigned in a 2 ms period of 1 sec TV signal. 55 positioned in slot 79ial afthrfini I^J^f i^Ji a S 

Tg^ of these three grocps ne weighted to be, fcr example, SDT synchronization dgmu, ^TaS^^Z 



